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01/28/77
Specification of BASIC S~ MAPJ0L Project
~)eclarations Section Global Variables

#DECLARE— GLOBAL:

active— for—block—li st ,
basic—program ,
current—pr int—l ine ,
curren t—statement ,
data—list—pointer ,
first—time—through ,
i n i t ia l—input—sta te ,
input— file ,
input—from—terminal ,
input— line ,
la test—return—point ,
return—point—l is t
tl .
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01/28/77
Specification of BASIC SEfb~A~I0L ProjectDeclarations Section Syntactic Components

#DECLARE—SYNTACTIC—C0MPO~’IENT:

all— fors—have—matching—nexts— in ,
argument—expression—of ,
array—declaration—for ,
bounds—part—of ,
control—variable—in ,
def—statement—expression—of ,
det—statement—name—of ,
def—staternent—parameter—of ,
def—statement—with—name ,
destination — line—number— list— in ,
destination—line—number—of ,
ends— In—separator ,
first—dimension—bound—of ,
first—dimension—of ,
first—dimension—upper—bound—value— for ,
first—executable—statement— starting—with ,
has—an— argument ,
has—one—dimension ,
has—two—dimensions ,
increment—part—of—for ,
index—expression—of ,
initial—value—part—of—for ,
input—data—list— in ,
is—abs—function—ref ,
is—atn—funct ion—ref ,
is—cos— function—ref ,
is—de f—statement—parameter ,
is—def— statement—with—pararneter ,
is—executable—statement ,
is—exp— function—ref ,
is—explicitly—declared -array,
is—tnt—function—ret ,

is—non—executable ,
is—not—a—control— statement ,
is—not—stop—or—end ,
is—numeric—datum ,
is—numeric—defined—function—ref ,
is—numeric—expression ,
is—numeric—relational—expression ,
is—numeric—variable ,
is—parenthet ical ,
is—print— separator ,
is—quoted—string,
is—m d— function—ret ,
is—sgn—funct ton—ret ,

decl—2
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01 / 2~ /77
Specification of BASIC SEMANOL Project
Declarations Section Syntactic Components

is—s imple—control— statement ,
is— sin— fun ction—ret ,
is— sqr— function— ref ,
is— string— constant ,
is—str ing—expression ,
is— string—relational—expression ,
is— string—variable ,
is—tan— f’un ction—ref ,
last—seg—of ,
left— hand—side — of ,
limit—part—of— for ,
line— containing,
line—number—part— of ,
line—number—value— of ,
list—o f—variables—to—be— input— in ,
matchin g—next ,
rlam eable—part—of ,
nex t— executable— statement—following,
nex t—statement—successor—of ,
num ber—of-bounds—in ,
num ber—of—dimensions— In ,
number—of— subscripts— in ,
numer ic—array—name—of ,
nume ric—defined— function—name—of ,
numer ic—defined— function—ref—of ,
numer ic—expression—of ,
numer ic— suppl led— function—ref—of ,
operand— i— of ,
operand—2—of ,
option—base— for ,
option—base—of ,
parent—node ,
print— list— sequence—of ,
relation—of ,
relational— ex pression—of ,
right—hand— side— of ,
root—node ,
s—own— line—num ber ,
second— dimension —bound— of ,
second—dimension— of ,
second— dimension —upper—bound—value— for ,
sequence—of—ancestors—of ,
sequence—of—array—declarations—and—references—In ,
sequence—of—a rray—declarations — in ,
sequence—of—array-references— in ,
sequence— of— def— statements— in ,
sequence—of— defined— functlon— reference s— in ,
sequence— of— executable— statements— in ,

de c l— 3 
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01/28/77
Specification of BASIC SEMANOL Project
Dec lara t ions  Se ct ion Syn tac t i c  Com ponents

sequence—of—for—statements—in ,-
sequence—o f— for—statements—preceding ,
sequence—of—line— ids— in ,
sequence—of—lines—in ,
sequence—of—next— statements— following,
sequence—of—next— statements—in ,
sequence—o f—option—statements—in ,
sequence—of—statements—in ,
simple—statement—successor—of ,
standard—array—element—name—of ,
standard—name—of ,
standard—parameter—name—derived— from ,
statement—conta ining,
statement—part—of ,
statement—whose—line—number—is—equivalent—to ,
string—constant—of ,
string—expression—of ,
string—variable—of ,
subscript—part—of ,
totali ty—of—data—in
I.

decl—~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Specification of BASIC SEMANOL Project
Context rree Syntax Section

#CONTEXT— EREE— SYNTAX :

#DF program

~> <~ <1ine>> <end—line ) #.

#DF line

=> <line —i d> <~GAP> <statement> <#GAP> <end—o f—line> #.

IDE line—Id

:> <line— number> P.

IDE end— of— line

:> (‘tLFI’> <IGAP> I.

IDE end— line

:> <line — id> <#GAP) <end—statement> <IGAP>
<en d— of— line> #.

IDE end— statement

=> (‘END’> #.

IDE statement

:> (data—statement>
~ > <def’— statement>
:> (dimension— statement>
:> <for—statement>
:> (gosub—statement>

~> <goto—staternent>
:> <if—then— statement>
=> (input— statement>
~> <numer ic—let— statement>
=> (string—let— statement>
~> <nex t—statement>
=> <on— goto—statement>

synt ax—S :

1
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Specification of BASIC SEt4APIOL Project
Context Free Syntax Section

:> <option—statement>
:> <print—statement>
:> <ra n d o m i z e — s t a t e m e n t >
:> <read—statement>
=> <remark— statement>
~> <restore—statement>
:> <return—statement>
:> <stop—statement) I.

IDE numeric—let—statement

~> <‘LET’> <#GAP> <numeric—variable> <IGAD) <equals>
<IGAP> <numeric—expression> I.

IDE s t r i n g— l e t— s t a t e m e n t

~> <‘LET’> (#GAP> <string—variable> <IGAP> <equals>
<IGAP> <string—expression> if .

IDE goto—statement

=> <‘GO’> <%<#SPACE>> < ‘TO’> <IGAP> <line—number> if.

IDE line—number

=> <digit>
~) <digit> <digit>
:> <digit> <digit) <digit>
:> <digit> <digit> <digit> <digit> ~~.

IDE it—then—statement

:> <‘IF’> <IGAP> <relational—expression> <IGAP>
<‘TNEN’> <SOAP> <line—number ) I.

IDE relational—expression

~> <numeric—expression> (SG’~P> <relation> <IGAP>
<numeric—expression>

~> <string—expression> <IGA P> <equality—relation>
<IG~P> <string—expression> I.

= =: ~ =: syntax— 6 :=::==:::: 
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Specification of BASIC SEMAMOL Project
Conte xt  Free S y n t a x  Section

DDE relation

> <equality—relation>
:> < l e s s — t h a n )
:> ( g r e a t e r — t h a n >
~> < n o t — l e s s )
=) (n o t — g r e a t e r> i f .

IDE equality— relation

~> <equals>
=> <not—equals> if .

DDE no t—less

> <greater— than> <equals> S.

#DF not— greater

:> <less—than> <equals> I.

DDE not—e quals

~> <les s—than> <greater—than> if .

IDE gosub—statement

:> <‘GO ’> <% (#SPACE>> <‘SUB’> <IGAP> <line—number> I.

IDE return— statement

:> (‘RETURN’> I.

IDE on—goto— statement

= >  <‘ON’> <IGAP > <numer ic—expression> <IGAP> <‘GO’)
<%(SSPACE)) <‘TO’> < I G A P >  < l i n e — n u m b e r >  <~ < < I G A P >
<comma> (IGAP> <line—num ber>>> I.

synta x — 7
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Specification of BASIC SEMANOL Project
Context Free Syntax Section

DDF stop—statement

=> <‘STOP’> I.

IDE for—statement

=> <‘FOR’> <SCAR> <control—variable> <SCAR> <equals>
(SCAR> <initial —value> <SCAR> <‘TO’> (IGAP> <limit>

:> (‘FOR’> <SOAP> <control— variable> <IGAP> <equals>
<SCAR> <initial—value ) <IGA P> <‘TO’> <SGAP> <limit>
<SCAR> <‘STEP’> < # C A P >  <increment> if.

SDF control—variable

:> <simple—numeric —variable> if .

IDE initial—value

:> <numeric—expression> if .

IDE limit

:> <numeric—expression> if .

IDE increment

=> <numeric—expression> S.

IDE next—statement

> <‘NEXT’> <SOAP> <control—variable> S.

IDE print— statement

=> (‘PRINT’> <print— list> P.

IDE print— list

:> <~ (<PNILSET PU <<DCAP> <print— Item>>> <SCAR>
< print—separato r>>> <INILSET SU <<IGAP)

syntax— 8
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01/28/77
Specification of BASIC SEMANOL Project
Context Free Syn tax Sect ion

<print— item>>> I.

-1..

IDE print— item

:> (expression>
=> <ta b—call> I.

IDE tab—call

=> <‘TAB’> <IGAP> <open> <IGAP> <numeric—expression>
<#GA P> <close> P.

IDE print—separator

=> <comma>
:> <semicolon> I.

I
#DF end—of—print—line

:> INILSET I.

IDE input— statement

=> <‘INPUT’> <IGAP> <variable—list> S.

DDE variable—list

=> <variable> <~ << SGA P> <comma> <IGAP> <variable>>> I.

I

IDE data— statement J

=> <‘DATA’> <IGAP> <data— list> I.

DD E data—l ist

=> <datum> <% (<IGAP> <comma> <IGAP> <datum>>> I.

IDE datum

synt ax—9 : = : : = = : :~~::==

III
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01/28/77
Specification of BASIC SEMANOL Project
Context Free Syntax Section
::::::: :::

:> <quoted—string>
=> <unquoted—string> I.

IDE read—statement

:> <‘READ’> <IGAP> <variable—list> S.

IDE restore—statement

:> <‘ RESTORE ’>  I.

IDE dimension—statement

:> <‘DIM’> <IGAP> <arra y—declaration> <%<<#GAP> <comma>
<IGAP> <array— declaration>>> I.

IDE array—declaration

=> <numeric—array—name> <IGAP> <open> <IGAP> <bounds>
<IGAP> <close> I.

IDE bounds

:> <integer>
:> <integer> (#GAP> <comma> <SGAP> <integer> I.

IDE option—statement

=> <‘OPTION BASE’> <IGAP> (‘0’ ,‘l’> I.

IDE def—statement

:> <‘DEE’> <IGAP> <numeric—defined— function> (IGAP>
<equals> <IGAP> <numeric—expression>

:> <‘DEF’> (IGAP) <numeric—defined— function> <IGAP>
(parameter—list> <IGAP> <equals> <IGAP>
<numeric—expression> I.

IDF numeric—defined— function

: :: :: :: ::s : :::::: :: syntax— lO ==::::: =:::: :::::::::
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Specification of BASIC SEMANOL Project
Context Free Syn tax Section

=> < ‘FN’> <let ter> S.

IDE parameter—list

=> <open> <IGAP> <parameter> <IGAP> <close> I.

IDE parameter

~ > <slmple—nurneric—variable> S.

IDE randomize—statement

=> <‘RANDOMIZE’> P.

IDE remark— statement

=> <‘REM’>
:> <‘REM’> <ISPACE> <remark— strin g> if .

IDE expression

:> <string— ex pression>
:> <numer ic—expression> S.

IDE numer ic—e xpression

:> < term>
:> <positive—expression>
:> <negation>
:> <sum>
:> <difference> 4.

#DF positive— expression

=> <plus> <IGAP> <term> H.

#DF negation

:> <m inus) <HOA R> <term> P.

syntax— li
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Specification of BASIC SEMAPJOL Project
Context Free Syntax Section

Ii
DDE sum

=> <numeric—expression> <IGAP> <plus> <#GAP> <term> I.

DDE difference

:> <numeric—ex pression> <IGAP> <minus> <HOAR> <term> if .

IDE term

=> <factor>
=> <product>
=> <quotient> I.

IDE product

~ > <term) <H OA R)  <asterisk) <IGAP> <factor> 4.

IDE quotient

:> <term> <SOAP> <slant> <SOAP> (factor> P.

DDE factor

=> <primary>
:> <involut ion) P.

IDE involution

=> <factor> <SOAP> <circumflex> <IGAR> <primary> H.

IDE primary

= > <numeric—variable>
=) <numer ic—rep>
=) <numer ic—function—ref>
:> <open> <SOAP> <numeric—expression> <HOAR ) <close> A .

#DF numeric— funct ion—ref

syntax— 12
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Specification of BASIC SEMANOL Project
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~> <numer ic— defin~ d— funct ion—ret>
=> <numer ic— supp lied— function— ref> P.

IDE numeric—defined—fun ction— ref

:> <numeric— defined— function>
:> <numeric— defined— function> <SOA P> <argument—list> I.

DDE numeric— supplied— function—ref

=> <‘ABS’> <SOAP> <argument— list>
=> < ‘ATN ’> < SOAP> <argument— list>
:> <‘COS’> <SOA P> <argument—list>
:> <‘EXP ’> <IGAP> <argument— list>
:> < ‘INT’> <SOAP> <argument—list>
:> <‘LOG’> <SOAP> <ar gument—list>
=> <‘R~ D’>
=> <‘SON’> <SOAP> <ar gument— list>
~ > <‘SIN’> <IGAP> <argument— list>
:> <‘SQR’ > <IGA P> <argument— list>
:> <‘TAN’> <SOA P> <ar gument— list> if .

IDE argument—list

= >  <open> <SOA P> <argument> <SOAP>. <close> I.

POE ar gument

:> <numer ic—expression> if .

IDE string— expression

:> <s tring— variable>
:> <s tring— constant> H.

IDE con sta n t

~ > <numeric — constant>
~ > <string— constant> lP~

syntax— 1~
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Specification of BASIC SEMANOL Project
Context Free Syntax Section

DDE numer ic—constant

~> <SNILSET SU sign> <numeric—rep) I.

#DF sign

:> <plus)
:> <minus> ~~~.

IDE numeric—rep

=> <significand> <SNILSET SU exrad> I.

IDE s ign i f i c a n d

=> (integer> <INILSET 5(1 period>
=> <INILSET #U

. 
integer> <fraction) S.

IDE integer

:> <%1<digit>> S.

IDE f r ac t i on

:> <period> <%1<digit> > I.

IDE ex r a d

:> < ‘E’> <SNILSET DU sign> (integer> A .

IDE string—constan t

:> <quoted—string> A .

DDE va r i a b le

:> <numeric— varia ble>
=> <strin g—variable ) H .

syntax— 111
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Specification of BASIC SF.MANOL Pro ject
Con tex t Free Syntax Section

= = = = = = =: =: = = =

DDE numer ic—variable

:> <s imple—numeric—variable>
:> <numer ic— array— element> I.

DD E simple—numeric—variable

=> <le tter> <INILSET SU digit> H.

IDE numer ic— array—e lement

~> <numeri c—array—name ) <SOA P> <subscript> if .

DDE numer ic— array— name

=> <letter> P .

IDE subscript

~ > <open> <SOAP> <numeric—expression ) <SOAP) <close>
:> <open> <#GAP> <numeric—expression> <SOAP> (comma>

<HGA P> <numeric—expression> <A GAP> <close) I.

IDE string—variable

=> <letter> <dollar> S.

IDE le tter

= > ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ N ’  , ~O ‘ , ‘B ,  , ‘Q ‘ , ~ R ‘ , ‘S ‘ , ‘T ‘ , ‘U ~ , ‘V ‘ , ‘ W ’  , ~ X ~ , ~Y ‘ , ‘ Z ‘ >

I.

IDE digit

=> < ‘ O s  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p .

IDE s t r ing—c haracter

:> <quote>

syntax— 15
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01/28/77
Specification of BASIC SEMANOL Project
Contex t Free Syntax Sect ion

:> (quoted— string—character ) S.

DDE quoted—string—character

:> <am persand>
=> <apostrophe>
:) <comma>
=> <exclamation— point>
:> <un quoted—string—character> I.

IDE unquoted— string— character

:> <space>
=> <plain— string— character> I.

IDF plain—string— character

=> <letter>
=> <digit>
=> <aster isk>
=> (circumflex>
=> <close>
:> (colon)
=> <dollar)
=> <equals)
= > <greater—than>
=> (less—than>
:> <minus>
=> <number—si gn>
:> (open>
=> <percent>
=> <period>
:> (p lus>
:> <question—mar k>
:) <semicolon>
=> (slant>
=> <underline> S.

IDE remark— string

= > <%<string—character>> S.

IDE quoted—string

syn tax— 16 = : : : := == :: := : := === = := :=
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Specification of BASIC SEMANOL Project
Context Free Syntax Section

:> <quote> (%<quoted— string—character>> <quote> P.

IDE unquoted— string

:> (plain—string—character>
:> <plain— string— character>

<%<unquoted—str ing—chara cter >>
< plain— string— character> S.

DDE keywor d

:> (‘BASE’ ,‘DATA ’  ,‘D E F ’  ,‘DIM’ , ‘E N D ’ ,
‘FOR’ ,‘GO’, ‘GO SUB ’ , ‘GOTO ’ ,‘I F ’ ,
‘INPUT ’,’LET ’  ,‘PIEXT ’,’ON’ ,‘OPTIO N ’  ,
‘P R I N T ’  , ‘RANDOMIZE’ , ‘R E A D ’  , ‘REM’
‘RESTORE’ , ‘R E T U R N ’  ,‘ST E P ’  ,‘ S TOP ’ , ‘SUB ’ ,‘THEN’ ,’TO’>
p .

#DF space

:> <ISPACE> I.

IDE exclama tion—point

=> < ‘ ! ‘ >  S.

IDE quote

:> <~~~‘> I.

IDE num ber— sign

=> < ‘ I ’ >  I.

IDE dollar

:> < ‘$ ‘> I.

#DF percen t

synta x— 17
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:> < ‘ % ‘ >  S.

IDE am persan d

:> <‘&‘> S.

IDE apost ro phe

=> < ‘ ( ‘ l ’ >  P .

IDE open

:> ( ‘ C ’ >  I.

IDE close

=> <‘ ) ‘~> I.

IDE aster isk

:> < ‘* ‘ >  I.

IDE p lus

=> <‘ 4 ’) 1.

IDE comma

:> (‘ , ‘> I.

IDE minus

:) (‘ — ‘> I.

IDE per io d

= > <‘ .‘> S.

~~~~:= :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ syntax— 18 :::~~:::: ::::::=:=:=::: 
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IDE sl ant

~ > < ‘ I ’)  S.

IDE colon

:> < ‘ : ‘> I.

DDE semi colon

=> <‘ ; ‘> S .

SDF less—than

:> < ‘ < ‘ >  I.

DDE equals

:> <‘~~ ‘> I.

DDE greater—than

~ > < ‘ > ‘ >  S.

IDE question—mark

:> < ‘ ? ‘ >  S.

IDE c ir cumf lex

:> ~~~~~~ S .

IDE un der l ine

=> <‘ _ ‘> i f .

IflF input—prompt

syntax— 19
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:> ( ‘ 2  ‘> I.

IDE input—reply

=> (d a t a — l i st )  < H G A P >  ( e n d — o f — i n p u t — r e p l y >  I .

IDE e n d — o f — i n p u t — r e p l y

~> < ‘tLFI’> H.

s y n t a x — 2 0
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SCONTROL—COMMANDS:

SASSI ON—VAL UE ! basic—program #CONTEXT—F REE— PARS E— TREE
(#GIVEN— PROGRAU , “wrt” < program> )

lIE ($basic—program$) is— context— free— syntactically —valid
I THEN

DIE ($basic—program$) is— contextually — syntactically —valid
A T U E N

I B E G I N

SCOMPUTE! initialize— global s

SASSIGN —VALUE! current— statement IFIRST—ELEMENT— IN
sequence—of—execut able— statement s—in( basic—program)

#WHILE ($current— st atement$) is—not—stop— or—end IDO

IBEGIN

HCOMPUTE ! effect—of (current—statement )

HA SSIGN—VAL !JE! current—s tatement
stateme nt— successor—of (current— statement )

lEND

h F  cur rent—print — line SNEOW INIL
ITHEN DCO MPUTE! print (end— o f— print— line— char)

SEND

#COMPUTE ! #STOP S.

cc— 21 
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ISEMANTIC—DEFINITIOMS :

#DF 1.s—context— free— syntactically—valid(prog)

“ (prog SEQ basic—program )”

:> STRUE h F  prog DIS—NOT #UND~FXNED

false—due—to—error (’context— free— syntax— error— in—progr am— text ’)
DOTHERWISE if .

SPROC—DE false—due—to—error (msg)

“fmsg SIS ISTRING)”

I B E G I N

ICOMPUTE ! fatal—syntactic—error( ’error :  ‘ #CW msg)

IRETURN—WITH—VALUE ! AFALSE

SEND I.

SDF fatal—syntactic—error (msg)

“ (msg SIS SSTRING}”

=> SOUTPIJT(msg #CW end—of—print—line— char) H.

IDE is—contextua lly— syntactica lly—valid (prog)

“ (prog SEQ basic—program) ”

=> STRIJE lIFE all—line—nrs—are—non— zero— in (prog) PAND
lines~ are_ in— ascending—line—nr— order— in (prog) SAND
lines—are—uniquely—numbered— in(prog ) SAND
all— line—number s— extst— in (prog) SAND
all— fors—have—matching —nexts— in (prog) HAN D
all—next s—have—matching — fors-in (prog) SA N D
fors—and—nexts—are—prope rly—matched—in (prog) SAND
arrays—are—uniquely—dimensioned— in (prog) S A N D
arrays— are—defined— first— in (prog) SAND
consistent—number— of— suhscripts— in (prog) SAND

cs—22
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no—dimension—option— conflict (prog) SAND
option— statement— is— first— in (prog) SAND
functions— are—uniquely—def ined— in(prog) SAND
all— functioris—are—defined—in (prog) SAND
no— recursive— functions— in(prog) SAND
func tions—are—defined— first— in(prog) SAND
cons istent—number—of—arguments— in (prog) S.

DDE all— line— nrs— are—no n— zero— in (prog )

“ (prog SEQ basic—program) ”

:> #TRUE lIE IFOR—ALL line—nr SIN
sequence—of— line— ids— in(prog ) #IT—IS—TRUE—T !-~~T
(line—number—value—o f(line—nr ) IN: 0) ;

> false—due—to—error(’ zero—va].ued—ljne—number ’)
SOT1-1ERWISE I.

IDE lines—a re— in—ascend ing— line—nr— order—i n(prog)

“Iprog SEQ basic—program) ”

=> STRIJE PIE IFOR—ALL line—nr SIN
all—but— last— element— in
(sequence—of—line— ids— in (prog )) ItT— IS—TRUE— THAT
(line—number—value—of (l ine—nr) <
line—number— value— of (line— nr—next— following(line—nr)))

:> false— due—to—error (’ljnes—out—of— order ’) #OTHERWISF
S.

IDE all—but— last—element—in (ljst)

“ (list SIS #SEQUENCE )”

> IINITIAL—SUBSEQ—OE—LENGTH (/PLENGTH(list) — 1) POE
l i s t  I.

IDE line— nr— next— following(li ne— nr)

“ (line—nr ITS <line — id>)”

cs— 23
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I. :> SFIRST ln SIN
sequence—of—line—ids—in (root—node(line—nr))
ISUCH—THAT (line—nr 1PRECEDES in SIN
sequence—of—line—ids—in (root—node(line—nr))) P.

i.

#DF lines—are—un iquely—numbered—in (prog)
4.

“(prog SEQ basic—program)”

=> STRUE lIE IFOR—ALL m l  SIN
sequence—of—line—ids—ln (prog ) SIT— IS—TRUE—THAT
(IFOR—ALL 1n2 SIN sequence—of—line—ids—in (prog)
SIT—IS—TRUE—THAT (line—number—value—ot’ (lnl) =
line—num ber—value—of(ln2 ) SIMPLIES m l  SE Q l n 2 ) )

:> false— due—to—error (’duplicate—line—numbers ’)
SOTHERWISE S.

DDE aii—line—num bers—exist—in(prog)

“(prog SEQ basic—program )”

:> ITRUE DIE SNOT ITHERE—EXISTS stmt SIN
sequence—of—executable—statements—in(prog)
#SUCH—THAT (nonexistent—line—is—referenced—by(stmt))

=> faise— due—to—error (’nonex istent— line—num ber ’)
SOTHERWISE I.

IDE nonexistent—iine— is—referenced—by(stmt)

“ ( ( $ s tm t $ )  i s — b a s i c — s t a t e m e n t ) ”

:> n o n e x i s t e n t — l i n e — i s— r e f e r e n c e d — b y — o n — g o t o ( s t m t )  STE
stmt IIS <on— goto—statement>

n o n e x i s t e n t — l i n e — i s — r e f e r e n c e d — b y — o t h e r — c o n t r o l ( s t m t )
lIE stmt SIS (goto—statement> AU <gosu~ — statement>
SU (if—then—s tatement>

=> IFALSE SOTHERWISE S.

cs~ 2Z$
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IDE nonexistent—line— is— referenced—by— on— goto(stmt)

“ (stmt ITS <on—goto— staternent> ]”

:> STRUE 11FF ITHERE—EXISTS m l  SIN
destinati on— line— number— list— in(stm t ) #SIJCH—TfIAT
(IFOR—ALL ln2 SIN sequence— of— line— ids— in
(root—node (stmt)) SIT— IS— TRUE— THAT
(line—number—value— of (lnl ) IN:
line—number—vaiue—of (1n2))) S.

IDE nonexistent— line— is— referenced—b y—other—control (stmt)

“ts tmt #IS <goto—statement> SU <gosub— statement> PU
<if—then— statement> )”

=> STRUE DIVE SFOR—ALL line— nr SIN
sequence—of— line—ids—in(root—node(stmt))
SIT— IS—TRUE— THAT (line—nurnber—value—of(line—nr) SN:
line—number—value—of (destination—line—number—of (stmt )))
S .

IDE ail—fo rs—have—matching—nexts— ln(prog)

“{prog SEQ basic—program) ”

=> STRUE lIE $FOR—ALL for—stmt SI N
sequence—o f— for— statements— in (prog) #IT—IS—TRU~

’—THAT
(#THERE—EXTSTS next— strn t SI N
sequence—o f—next— statements—in (prog) ISUCH_ THAT
(($for—stmt , “and” next— stmt $ ) match SAND IFOR—ALL
other— for—stmt SIN
sequence—o f— for— statement s—in(prog) SIT— IS— TRUE— THAT
(($other—for—stmt , “ a n l i”  next— stmt$) match SIMPLIES
for— s tmt #DOES—NOT— PRECEfl~’ other— for— stmt SIN
sequence— of—e xecut ab le— statem ents—inC prog))))

false—due—to— error (’for— statem ent—ha s— no—m atching— next’ )
SOTHERW ISE if .

IDE rnatch(for— strnt , “~~nr ~” next— strnt )

“ (for— strn t HIS <for— statement ) if AND next— stmt H I S
<nex t—staternent))”

cs—~5
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:> STRIJ E 11FF
#STRIN G_OF_TERMINAL S_OE (control_variable_in
(for—stmt)) SEQW
SSTRING—OF—TERMINALS—OF(contro]—variable— jn
(next—stmt)) SAND f’or—stmt SPRECEDES next— stmt SIN
sequence—o f—executable—statements—in (root—node(for—stmt))
P.

#DF all—nex ts—have—matching— fors— in(prog)

“ (prog SEQ basic—program)”

:> ITRUE lIE IFOR—ALL next— stmt SIN
sequence—of—next—staternents—in(prog)
SIT— IS— TRUE—THAT (ITHERE—EXISTS for—stmt ‘lIP!
sequence—of— for—statements—in(prog) PSUCH—THAT
(($for—stmt , “and” nex t— stmt$) match SAND IFOF—ALL
other—next— stmt SIN
sequence—of—next—staternents—in( prog)
lIT—IS—TRUE—THAT ((~~for—stm t , “an d”
other—next— stmtfl match SIMPLIES other—next— stmt
IDOES—N OT— PRECEDE next— stmt SIN
sequence—of—executable—statements—in(prog))))

false— due—to—error (’next— statement—has—no—match lng— for ’)
SOTHERWISE S.

IDE fors— and—nexts— are—properly—matched— in (prog )

“ (prog SEQ basic—program )”

:> DFALSE lIE SNOT
all— fors—have—mat chin g—nexts— in (prog)

:> STR tJE STE IFOR—ALL stmt l SIN
sequence—of— for— statements— in (prog)
ifIT— IS— TRU~ —THAT (IFOR—ALL st rn t 2  SIN
sequence—of— for— staternents— in (prog ) #TT— IS— TRt~F—TH4T
(($stmt2 , “in ” stmtl*) is—nested IIMPLT~ S
(Smatching—next (stmt2) , “in ” strntl$) is—nested ))

:> false—due—t o—error (’improper ly—nested— for-bl ocks ’)
D OT H ER W TSE 4.
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IDE is—nested(stmt2 , “in ” stmtl)

“ (stmt1 113 <for—statement> SAN D stmt2 DIS
<for~ statement> }~l

:> STRUE lIFE stmtl SPRECEDES stmt2 SIN
sequence—of—executabie—statements—in (root—node(stmt2))
SA~1fl stmt2 SPRECEDES matching—next( stmtl ) SIN
sequence—of—executable— statements—in(root—node(stmt2))
H .

DDE array s— are— uniquely — dimen sioned— in(prog )

“ (prog SEQ basic—program)”

:> STRUE SIP IFOR—ALL array— decl— 1 SIN
sequence— of— array—declarations— in(prog )
SIT— IS— TRUE—THAT (SF09—ALL array— decl— 2 SIN
sequence—of’—a rray—declarations— in(prog)
SIT— IS—TRUE—THAT
(#STRING—OF—TERMINALS—O F (numeric—a rray—name—of (array— decl— 1))
SEQW
#STRING—OF— TERMINALS—OF (numeric— array—name— of (array—decl— 2))
SIMPLIES array— dec l— 1 SEQ array— decl— 2))

=) false— due—to—error( ’mu ltip ly— defi ned— array ’)
SOTHERWISE S.

IDE arrays— are— de fined— first— in (prog)

“tprog SEQ basic—program)”

=> ITRUE SIP IFOR—ALL array— dec i SIN
sequence— of— array— declarationz— in (prog )
SIT—I S—T RUE— THAT (SFOR_A LL array— ref SIN
sequence— of—ar ray— reference s—t n(prog )
SIT— IS— TRUE— THAT
(SSTRING_ 0F_ TERM INALS_ 0P (numeric_array_name_ of (array_ ~1ecl)\
SEQ ‘4
SSTR INC— OF— TERM INAL S— OF (numer ic— array— name— of (array— refY!
IIMPLIES line— containing (arrav— decl) A PRECEDES
line— cont aining( arrav— re f) ‘IN
sequence — o f— line s— in (pro~ )))

cs—27
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false- due—to—error (’array—reference d—be fore—declaration ’)
SOTHERWISE I.

IDE consistent—num ber—of—subscripts—in(prog)

“(prog SEQ basic—program )”

=> IT RUE lIE I FOR —ALL a r r a y — i  I I N
s e q u e n c e — o f— a r r ay — d e c l a r a t i o n s— a n d — r e f e r e n e e s — in ( p r o g )
lIT— IS—TRUE—THAT (SEOR—ALL array.-2 SIN
sequence—of—array—declarations—and—references—in ( prog)
lIT— IS—TRUE—THAT
(SSTRING—OF—TERMINALS—OF(numeric—array—name—of (array— 1))
SEQW
ISTRING—OF—TERMINALS—OF (numeric—array—name—of(array—2))
SIMPLIES num ber—of—dimen sions— in (array— 1) SEQ
num ber—of—dimensions—in (array—2)))

:> f a l s e — d u e — t o — e r r o r ( ’ a r r a y — su b s c r i p t— in c o n s i st e n cy ’)
DOTHERWISE 0.

DDE num ber—of—dimensions—in (node)

“(node ITS <numeric— array— element> SIJ
<array— declaration>)”

=> number—of—subscripts—in(node ) lIE node SIS
<numer ic—array—element>

:> num ber—of—bounds— in (node) DIE node #13
< a r r a y— d e c l a r a t i o n >  S.

IDE num ber—of—subscripts—in (node)

“(node ITS <numeric—array—element> )”

=> 1 h F  subscript—part—of (node) ITS SCASE 1 HOE
(su bscript>

:> 2 DIE subscript—part—of(node) HIS SCASE 2 HOE
<subscript> if .

IDF num her—of—bound s—in (node)

cs—28
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“ (node IIS <array—declaration>) ”

=> 1 lIE’ bound~ —part—of (node) 513 SCASE 1 SOP <bounds >

=> 2 lIE bounds—part—of(node) ITS SCASE 2 SOP <bounds>
S.

IDE no— dirnension— option— conflict(prog)

“{prog SEQ basic—program )”

:> STRUE DIE flFOR—ALL stmt SI N
sequence—of— option— staternents— in (prog)
SIT— IS— TRUE— THAT (option—base—of(stmt) = 1 SIMPLIES
SNOT #THFRE—EXISTS array—deci SIN
sequence— of— array— declarations—in(prog) ISUCH—THAT
(($bounds—part—of (array—decl)$)
has— a— zero—upper—bound))

:> false— due—to—error (’dime~ sion—option— conflict’)
SOTHERWISE S.

IDE has— a— zero—upper—bound (h )

“(b SIS <bounds> )”

=> STRtJ E lIFE ISTRTNG—OE—T ERMTNALS—OF
(first—dimensio n—boun d—of (h)) SEQ 0 lIE ($b$)
has— one—dimension

> STRUE 7IFF #STRING_OE_TERMIMALS_OF
(first—dimension—bound—of (b) ) SEQ 0 POR
#STRIN G—OE— TERMINAL S—OF
(second—dimension—bound—of (b )) SEQ 0 lIE (~ b$)has— two—dimensions S.

IDE option— stateme nt— is— first— ln (prog)

“Iprog SEQ basic—program )”

= > STRUE DIE IFOR—ALL stmt SIN
sequence—o f— option— statem ents— in(nrog )
SIT—IS—TRUE—THAT (SFOR—ALL array—ref A IM
sequence — of— array— declaratjons— and— reference s— in (prog)

c s — 2 9
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PIT— IS—TRUE—THAT (line— contatning( stmt) IPRECEDES
line— containing(array—ref) u N
sequence—of—lines—in (prog )))

false—due—to—error ( ‘opt ton— statement— follows—array—reference ’)
IOTHERWI SE S.

IDE function s—are—uniquely—defined—in (prog)

“ (prog SEQ basic—program) ”

=> STRtJ E DIE SFOR—ALL stmt l SIN
s e q u e n c e — o f — d e f — s t a t e m e n t s — i n ( p r o g )  S I T — I S — T R U E — T H A T
(SFOR—ALL stmt2 SIN
sequence—of—def—statements—in (prog) SIT— IS—TRUE—THAT
(SSTRING—OE—TERMINALS—OE(def—statenient—name—of(stmtl ))
DE QW
DSTRINC_OF~TERMIPIALS_0F (def~statement~ na m e~of(stmt2))
DIMPLIES stmtl lEO stvnt2))

> f a l s e — d u e — t o — e r r o r (  ‘m u l t i p l y — d e f i n e d — f u n c t i o n ’)
IOTHERWISE P .

IDE all— functions—are—defined— in (prog )

“ (prog lEO basic—program) ”

:> STR UE PIE SFOR—ALL fn SIN
s e q u e n c e — o f — d e f i n e d — f u n c t i o n — r e f e r e n c e s — i n ( p r o g )
SIT— IS—TRUE—THAT
(numeric—defined— function—name—of (fn ) HIS
<numer ic—defined— function> SIMPLIES HTHERE—E~ ISTS
stmt SIN sequence—of—def—statements—in(prog)
SSUCH—THAT (SSTRING—OE—TERMrNALS—OF
(def—statement—name—of(stnit)) #EQW
ISTRING—OF— TERMINALS—OF
( n u m e r i c — d e f i n e d — f u n c t i o n — n a m e — o f ( f n ) ) ) )

> f a l s e — d u e — t o — e r r o r ( ’ m i s s i n g — f u n c t i o n — d e f i n t t i o n ’)
IOTH ERW I SE ‘~~.

IDE no— recursive— functions— in(prog )

“ (prog SEQ basic—program) ”
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=> STRUE lIE IFOR—ALL stmt SIN
s e q u e n c e — o f — d e f— s t a t e m e n t s — i n ( p r o g )  S I T — I S — T R U E — T H A T
(IFOR—ALL fn SIN
sequence—of—defined— functlon—references—in(prog)
SIT— IS—TRUE—THAT (line—containing (fn ) SEQ
line—containing(ztmt ) SIMPLIES
SSTRI NG—OF— TERMINALS—OE
(numerjc—defined— function—name— of(fn )) #NEQW
SSTRING—OF— TERMINALS—OF
(def— statement—narne—of (stmt)) ))

=> false— due—to—error (’recursive— function—defin ition ’)
SOTHERWISE S.

DDE functions—are—defin—d— first— in (prog)

“ (prog SEQ basic—program)”

=> ITRUE DIE IFOR—ALL stmt SIN
sequence—of—def— statements— in (prog) SIT— IS—TRUE—THAT
(IFOR—ALL fn SIN
s e q u e n c e — o f— d e f i n e d — fu n c t i o n — r e f e r e n c e s— i n ( p r o g )
SIT—IS—TR UE—THAT (SSTRING—OF—TERMINALS—OF
(numeric—de fined— function—n ame—of (fn)) SEOW
ISTRI NC— OF— TERMINALS—OF
(def—statement—name—of(stmt)) DIMPLIES
line— con taining(fn ) IDOES—NOT—PRECEDE
line—containin g (strnt) SIN
sequence—of—lines—in (prog) ))

false—due—to—error (’function—refe renced—before—definit ion ’)
D OTHERWISE S .

DDE consistent—number— of— arguments— in (prog)

“(prog lEO basic—program)”

:> ITRUE SIP SFOR—ALL stmt SIN
sequence—o f— def— statem ents— in (prog) HIT— IS—TRUE— THAT
(all— function—references— agree—with (stmt)) ;

false—due—to—error (’ineonsistent—number—of—arguments ’)
SOTHERWISE 0.
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ODE all— funct ion—references—agree—with (stmt)

“ (stint ITS <def— statement>} ”

:> ($stmt$) references—have—no—arguments STE stmt #15
SCASE I SOF <del—statement>

=> ($stmt$) references—have—one—argument SIP strnt HIS
SCASE 2 DOE’ <del— statement> P.

D D E r e f e r e n c e s — h a v e — n o — a r g u m e n t s ( s t m t )

“ (stint SIS DCASE 1 DOE’ <del—statement>)”

=> ITRUE lIFE IFOR—ALL fn SIN
s e q u e n c e — o f — d e f i n e d — fu n c t i o n — r e f e r e n c e s— i n ( r o o t — n o d e ( s t m t ) )
SIT—IS—TRUE—THAT (ISTRING—OF—TERMINALS—OF’
(nurneric—defined— function—narne—of(fn)) •EQ’4
#STRING—OE—TERMINALS—OF
(def—statement—name—of (stmt)) SIMPLIES In SIS SCASE
1 SOF’ <numeric—defined— function— ret ’> ) S.

DDE’ references—have—one—argument (stvnt)

“ (stmt ITS SCASE 2 SOE <def—statement> )”

:> STRUE 51FF’ IFOR—ALL fn P I N
s e q u e n c e — o f — d e f i n e d — f u n c t i o n — r e f e r e n c e s — i n ( r o o t — n o d e ( s t r n t ) )
SIT— IS—TRUE—THAT (HSTRING—OF—TERMINALS—OF ’
( n u m e r i c — d e f i n e d — f u n c t i o n — n a m e — o f ( f n ) )  #E QW
SS TRING ~OF_TERMtt )AL S_OF
(def—statement—name—of (stmt)) SIMPLIES In hIS SCASE
2 SOP < n u m e r i c — d e f ’ i n e d — f u n c t i o n — r e f >  ) S.

IDE ’ sequence—of—lines—in (prog)

“ (prog #EQ basic—program)”

:> ISEQUENCE—OF <line> SIN prog S.

DDE sequence— of—line— ids— in (prog)

cs—3 2
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“ (prog SEQ basic—program)”

=> ISEQUENCE—OF’ <line— id> SIN prog S .

DDE’ sequence—of—for—statements—in (prog)

“ (prog SEQ basic—program)”

=> ISEQUENCE—OF <for—statement> D I N  prog S.

IDE sequence—of’—next— statement s— in(prog)

“ (prog SEQ basic—program)”

=> SSEQtJENCE—OE <next— statement> A IN prog I.

IDE sequence—of—array—declaratjons—in(prog)

“(p r o g  lEO b a s i c— p r o g r a m } ”

=> #SEOUENCE—OF <array—declaration> PIN prog I.

#DP sequence—of—array—references—in(prog)

“ (prog PEQ basic—program) ”

:> ISEQUENCE—OF <numeric—array— element> SIN prog S.

IDE sequence—of— array—declarations—and— reference s— in (prog)

“ (prog SEQ b a s i c — p r o g r a m ) ”

=> sequence—of—array—declarations— in(prog ) ICS
s e q u e n c e — o f — a r r a y — r e f e r e n c e s — i n ( p r o g )  S .

#DF sequence—of’—option— statement s—in(prog)

“ (prog SEQ basic—program) ”

=> DSEQUENCE—OF (option—statement> SIN Drog A .

==  :== = : = = =  = = = = = cs— 33 = = === = == : = = = =
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IDE sequence—of—def’— statements— in (prog)

“ (prog SEQ basic—program)”

> ISEQUENCE—OF’ (def—staternent> SIN prog S.

IDE’ s e q u e n c e — o f — d e f i n e d — f i n c t i o n — r e f e r e r i c e s — i n ( p r o g )

“(prog SEQ basic—program)”

=> ISEQUENCE—OF (numeric—defined— function—ref> PIN prog
I.

cs—3 11 = :::== ======== == :== ====
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#PROC—DF’ initialize— global s 
-

IBEGIN

SASSIGN—VAL UE ! data—li st—pointer = 1

#ASSIGN— VALUE ! return—point— list = #NILSEQ

IASSIGN—VAL U~~! active— for—block— list = SNILSEQ

SAS SIGN—VALUE! current—print — line = INTL

IAS SIG~!—VAL IJE ! first—time—through = 4TRUE

DASS IGN—VALUE! initial—i nput— state = STRIJ E

,IRETURN—WI TH—VALU E ’ ! INTL

SEND S .

#DF ’ is—not— stop—or—end (stmt)

“(stmt SEQ current—statement )”

=> STRUE lIFE’ SNOT stmt #IS <stop— statement> SU
<end— statement> I.

#DF elfec t—of (strnt)

“ (stmt SEQ current— statement)”

=> INTL STE ($stmt$)is—non—executable SOR
($stmt$)is—simple—control—statement

=> for—statement—effect(stmt) DIE stmt HIS
<for— statement>

=> gosub—statement—effect(stmt ) D I E  stmt ITS
<gosub—statement )

=> input— statement—effect (stmt ) SIP stmt ITS
<input— statement )

=> numeric~ let—statprnent~ effect (stmt) ‘~T~
’ stmt #13

contro1— ~~ 
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<nu meric—let— statement> ;

=> string—let— statement—effect (stmt ) STE stmt HIS
< s t r i n g — l e t — s t a t e m e n t >

=> next— s tatement—effect (stmt) SIP stmt SIS
<next—statemen t>

=> p r i n t — st a t e r n e n t— e f f e c t ( s t m t )  l IE ’  stmt sirS
<print— statement>

=> read— statement—effect(stmt ) SIP stmt HIS
< r e a d — s t a t e m e n t >

=> restore—statement—effect STE stmt ITS
<restore—statement> A .

D D E ’ f o r— st a t e m e n t — e f f e c t ( s t m t )

“(stmt #15 <for—statement> )“

=> reset— first— time—through DIE SNOT first—time—through

=> activate—for—block (stmt ) SOTHERWISE S.

SPROC—DE reset— first—time—through

IBEGIN

# A S S I G N — V A L U E !  f i r s t — t i m e — t h r o u g h  = S TRUE

IRETURN—WITH—VALUE ! INTL

SEND 5.

SPROC— DE’ activate— for—block (stmt)

“(stmt ITS <for—statement> ) “

DBE GIN

“deactivate any for block with the same control
v a r i a b le ”

control—3 6
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#r F  S T H E R E — E X I S T S  x DIN active— for—block—list
#SUCH—THAT (control—variable—is—active(x ,”in” stint))
#THEN DA SSIGN—VALUE! active— for—block—list =
new—act ive— for—b lock—list ( stmt)
“ch ec k for maximum num be r of ac t ive  for b loc ks ”

lIE ’  D L E N G T H ( a c t j v e— f o r — b l o c k — lj s t )  > :
max— num ber—of— for—blocks
5TH EN

ICOMPUTE!
fatal,—error ( ‘too—many— for—block s—active—at—one—time ’)

“activate the current for block”

SASSIGN—VALUE! active— for—block— list
\for—block—list—element (stmt)\ SCS
active— for—block—list

“initialize the control variable”

S COMPUTE!  H A S S I G N — L A T E S T — V A L U E
(standard—name—of (control—variable—in (stmt )) ,”rec eives ”
initjal—value—i n— f’or (stmt ))

SRET !JRN—WITH—VALUE! INIL

SEND S.

IDE initial—value— in— for(stmt )

“(stint ITS <for— statement> 1”
=> num eric—value(initial—value—part—of— for(stmt)) S.

DDE’ va lue—o f—limjt—in— for (strnt )

“(stmt 013 <for—statement> ) “

=> num eric—value(limit—part— of— for (stmt) ) S.

IDE value—o f— increment— in— for(stmt)

“ (stmt (ITS <for—statement> )“

control—3 7 :: :::::===== :== ::::
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> n u m e r i c — v a l u e ( i n c r e m e n t — p a r t — o f— f o r ( s t m t ) )  DIE ’ stint
#13 ICASE 2 DOE’ <for—statement>

:> i mp l e m e n t a t i o n — o n e  IOTH ~’RW IS E A .

IDE new—active— for— block—list (stmt )

“(stint ITS <for—statement> }“

> first—part—of (aotive— for—block—list ,”up to ”
active—contro]—variable(stmt )) ICS
s e c o n d — p a r t — o f ( a c t i v e — f o r — b l o c k — l i s t , ” a f t e r ”
active— control—variable(stmt)) S.

IDE active—control—varjable(stmt )

“ (stint ITS <for—statement> lii < n e x t — s t a t e m e n t >  }“

> IFIRST x DIN active— for—block—list ISUCH—THAT
(control—variable—is—active (x ,”in ” stint)) S.

DDE’ c o n t r o l— v a r i a b l e — i s— a c t i v e ( x , ” in ” stmt )

“(x ITS for—block— list— element
& stmt #I S < f o r — s t a t e m e n t >  AU <next—statement> }“

:> STRUE DIFF stan dard—name— of (#PIRST— ELEMENT— IM x) SEQ
stan dard—name— of (control—variable—in (stmt )) S.

IDE first— part—of (list ,”up to for—block— list—element ” x)

“ (list SEQ active—for—block—list
& x #15 for—block— list— element)”

#INITIAL— SU~ SEQ—OF—LEN GT ’-i (position—of—control—variahle(x )
— 1) IOF’ list S.

SIDE second—part—of (list ,”after for—block—list — element” x)

“ (list SEQ active— for—block— list
& x HIS for—block—list — element )”

= = = = = = = = = = = = = =: = = con tr ol ..3 
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.> IT E R M I N A L SUBSE Q OE L E P I G T H ( # L E N G T H ( l i s t )  —

position—of— control—variab le(x)) DOE’ list H.

#DF position—of—control—variable(x )

“ (x ITS for—block—list—element)”

=> •ORDPOSIT x PIN active— for—block—list S.

IDE f o r — b l o c k — l i s t — e l e m e n t ( s t m t )

“ (stint SIS <for—statement> 1”
:> \control—variable—in (stmt) ,

value—of— ljmit—jn— for (stmt ),
value—of— increment—in— for(stmt)\ H .

IDE g o su b — s t a t e m e n t — e f f e c t ( s tm t )

“{stmt #15 < g o s u b — st a t e m e n t >  1”

set—latest—return—point—to(simple—statement—successor—of(stmt))
S.

SPROC—DF set— latest—return—point—to(stmt )

“1 ($stmt$) is—basic—statement)”

IBEGIN

PIE ILENGTH (return—point—list ) >=
max—number— of—unreturned — gosubs
OTHEN SCOMPUTE!
fatal— error(’too—many—unreturned — gosub— execut ions ’)

“otherwise . . . “

SASS IGN—VALUE! return —point — list = \stmt\ OCS
return—point — list

A RETURN—WI TH— VAL UF ! INTL

control—39
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l E N D  I.

#PROC—DF input—statement—effect (stmt)

“(stint SIS <input— statement> 1”
SBEG IN

SCOMPUTE! #OUTPUT (input—prompt—character )

SASSIGN—VALUE ! input—line
input— reply— tree (next—input— line)

#COMPUTE ! validate—input—data— for(stmt)

#RETURN—WITH—VAL UE! DNIL

SEND P.

IDE ’ i n p u t — p r o m p t — c h a r a c t e r

“ (ION—RETURN: in put—prompt—character ITS <input—prompt>

=> ‘? ‘ 5.

IDE ’ i n p u t — r e p l y — t r e e ( i — f — t )

“(i—f—t SEQ input— from—terminal)”

> D C O N T E X T — F R E E — P A R S E — T R E E ( i — f — t , ” wrt ”  < i n p u t — r e p l y > )
S.

#PR OC—DF next—input— line

IBEGIN

D IE i n i t i a l— i n p u t — s t a t e  A T H E N

#COMPUTE ! read—input— file

SASSIGN—VALUE ! input— from—terminal = (IPREEIX—OF’ —F’TRST
e n d — o f — i n p u t — r e p l y — c h a r  S I N  i n p u t — f i l e )  #CW
e n d — o f — i n p u t — r e p l y — c h a r

con trol— HO
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SCOMPUTE! #OUTPUT(input— from—terminal)

SASSIGN—VALUE! input— file = SSUE’FIX—OF—FIRST
en d— of—i nput— reply— char SIN input— file

#RETURN—W ITH—VALtJ E! input—from—terminal

SEND S.

S P R O C — D F  r~~a d — i n p u t — f i l e

IBEGIN

SASS IGN—VALUE ! input— file = SINPUT

#A SSIGN—VAL UE ! initial— input—state = #FALSE

IRETURN—WITH—VALU E ! SNIL

SEND 5.

DDE’ end— of— input— reply— char

“ (ION—RETURN: end— of— input— reply— char SLS
< e n d — o f — i n p u t — r e p l y > ) ”

= > ‘ tI Y l ’  I .

IDE’ val idate—input—data— for (stmt )

“ (stint SIS <input— statement> 1”
:) i n p u t — n e w — d a t a — f o r ( s t m t )  lIE  ( S st m t $ )

i s — i n v a l i d — i n p u t — r e p l y

= > a s s i g n — i n p u t — v a l u e s ( s t m t )  D OTHERW I SE N .

SP R O C — D F  a s s i g n — i n p u t — v a l u e s ( s t m t )

“ ( s t i n t  H I S  < i n p u t — s t a t e m e n t >  1”
(S B EG I N

control— Hi
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I F O R — A L L  i : 1 < = i <=
• # L E N G T H ( l i s t — o f — v a r i a b l e s— t o — b e — i n p u t — t n ( s t m t ) )  #DO

IBEGIN

SCOMPUTE ! SASS IGN—L~TEST—VALUE (standard—name—of
(list—element (i ,”in ”
list—of—variables—to—be—input—in (stmt))) ,
“receives” value—of— datum (list—element(i , “in ”
input—data—list—in(input—line)) , “wrt”
list—e lement (i,”iri ”
list—of—varia bles—to—be—input—in(stmt))))

SEND

IRETURN—WITH—VALUE ! #NIL

SEND 5.

IDE’ list—of—variables—to—be— input— in (stmt )

“(stint #13 <input—statement> SO <read—statement> )“

=> #SEQUENCE—OF <variable) SIN stmt S.

#DF list—element (number ,”in ” list)

“(number #IS SINTEGER &
l is t  I T S SSEQ (JENCE)”

:> num ber 5TH—ELEMENT—TN list S.

SDF value—of—datum (d, “wrt” var )

“ ( d  u S  ( d a t u m >  & var  lIZ  < v a r i a b l e >  1”
:) remove—quotes—from (SSTRING—OF—TERMTNALS—OF(d )) ATE ’

(~~d $)  i s — q u o t e d — s t r i n g

=> n u m e r i c — r e p r e s e n t a t i o n — o r — z e r o
( I S T R I N G — O E — T E R M T N A L S — O F ( d ) )  lI E  ($var$)
i s — n u m e r i c — v a r i a b l e ;

=> # S T R I N G ~~OF~~T E R M I N A L S _ O E ’ ( d )  P O T H E R W I S E  S .

c o n t r o l — U 2
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IDE’ n u m e r i c — r e p r e s e n t a t i o n — o r — z e r o ( s t r )

“(str lIZ SSTRIMG)”

:> n u m e r i c — c o n s t a n t — u n d e r f l o w — e f f e c t  H I P  ($str$)
r e s u l t s — i n — n u t n e r i c — c o n v e r s i o n — u n d e r f l o w

=) implementation—nume ric—represeritation(str)
POTHER WI SE I.

IDE i n p u t — d a t a — l i s t — i n ( l n )

“ (in lEO input— line)”

:> PSEQUENCE—OF’ < datum> SIN in H .

IDE’ is— invalid— input— reply (stmt )

“( s ti nt  HIS  < i n p u t — s t a t e m e n t >  ) “

=> invalid—input— reply (‘unrecognizabl e— input—repl y ’)
lIE input— line ITS #tJNDE~’INED

:> i n v a l i d — i n p u t — r e p l y
( ‘ i n c o r r e c t — n u m b e r — o f — d a t a — i t e m s ’)  D I P  SNOT
exactl y—enou~ h—data( ” wrt” stint)

= > i n v a l i d — i n p u t — r e p l y
( ‘ c h a r a c t e r — d a t u m — f o r — n u m e r i c — v a r i a b l e ’) S I T E  SNOT
i n p u t — d a t a — t y p e s — m a t c h ( ” w r t ”  s tmt)

> SN OT a l i — d a t a — i s — i n — r a n g e ( ” w r t”  s tint )  # O T HE R W tS E S .

D D E i n v a l i d — i n p u t — r e p l y ( r n s g )

“{msg ITS ISTRINGI”

= >  I T R U E  S IP  n o n — f a t a i — e r r o r ( m s ~ ICW
‘ ; p i e a s e — r e e n t e r — d a t a ’)  SEOW INTL SI .

IDE’ exa ctly—enough— data (” wrt” stmt)

“ (stmt ITS (input—statement> 1”

control— 11 3
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= > ITR UE S IEF
I L E N G T H ( l i s t — o f — v a r i a b l e s — t o — b e — i n p u t — 1 n ( s t m t ) )  =
#LENGTH(input—data— list— in (&nput— line)) S.

IDF input—data—types—match(” wr t” stint)

“ ( s t i n t  IT S < i n p u t — s t a t e m e n t >  1”

= > SE A L S E  S T E P  I T H E R E — E X I S T S  x : 1 <= x <:
I L E N G T H ( l i s t — o f — v a r i a b l e s — t o — b e — i n p u t — i n ( s t m t ) )
H S U C H — T H A T  ( ( S l i s t — e l e r n e n t (x , ” i n ”
l i s t — o f — v a r i a b l e s — t o — b e — i n p u t — i n ( s t m t ) )  5)
is—numer ic—variable & SNOT ($ list—element(x , “in ”
input—data—list—in(input—line) ) ~ ) i s — n u m e r i c — d a t u m
) I .

IDE’ is—numeric—datum (d)

“(d SIS <datum> }“

=> S T R U E  lIF E ’  # C O N T E X T — F R E E — P A R S E — T R E E ( d , “wr t ”
< n u m e r i c — c o n s t a n t > )  ITS —N OT # t J N D ! F I N E D  I.

IDE’ ali— data— is— in— range (”wrt” stmt)

“ (stint HIS <input—statement> }“

=> IFALSE PIPE ITHERE—EXISTS x : 1 (: x (:
S L E N G T H ( i n p u t — d a t a — l i s t — i n ( i n p u t — l i n e ) )  I S U C H — T H A T
( ( $  list—element (x , “in ”
input—data— list— in(input— line)) , “wrt”
iist—element (x , “in ”
list—of—variab les—to—be—input—tn(stmt) ) ~ )
is—not—in—range) N .

DDE is—not—in— range(d , “wrt” v)

“ ( d  SIS < d a t u m >  & v ITS < v a r i a b l e > ) ”

=> strin g—value— is—not— in— ran ge (d) HIP ANOT (~td5)
is—numer ic—datum

= >  num eric— v alue— is— not— in— range(d ) DIE (tvS)

:: : ::~~~~~~~~~~~~~~~~~~~ contro l—Uti 
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is—numeric—variab le

:> str ing—value—is—not—in— range(d ) HOTHERWISE I.

IDE numer ic—value—is—not— in— range (d)

“(($d$) is—numeric—datum )”

=> invali d— input—repiy(’numeric— datum—is—not— in—range ’)
SIP (~~d $ )  r e s u l t s — i n — n u m e r i c — c o n v e r s i o n — o v e r f l o w

=> SE’ALSE HOTHERWISE si~

DDE string—value— is—not— in—range (d)

“(d 51S <datum> & SNOT ($d~ ) is—numeric—datum )”

:) invali d— input—reply ( ‘str ing—datum—i5—not— in-range ’)
DIE ’ (S SSTRING_ O F_ TERM INALS_ OE ’ (d) ~

)
results—in—strin g—overflow

=) IFALSE SOTHERWISE S.

A PROC— DE ’ input—new—data— for(stmt )

“ ( s t i n t  SIS i n p u t — s t a t e m e n t ) ”

DREGIN

SCOMPUTE! •OUTPtJT(input—prompt—character)

SA S S I G N — V A L U E !  input— line =
in put—repiy—tree (next— input—line )

#COMPUTE! validate— input—data—for (stmt )

SRETURN—WITH—VALUE ! SNIL

SEND S.

IPROC—DE numerjc— let— sta tenient—effect (stnit)

“(st int HIS (numeric—le t— statement> 1”

c o n t r o l — H 5
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#BEGTN

SCOMPUTE ! #ASS IGN—L~ TEST—VALUE (standarcj—name—of
(left—hand—side—of (stmt)) , “receives ”
n u m e r i c — v a l u e (  r i g h t — h a n d — s i d e — o f  C stint ) ) )

SRETURN—WITH—VAL IJ E! (SNIL

SEND 5.

DDE string—let—statement—effect (stmt)

“( s t i n t  HIS  < s t r i n g — l e t — s t a t e m e n t >  }“

= > sh o r t — s t r i n g— l e t — st a t e m e n t — e f f e c t ( s tm t )  STE SNOT ( t
s t r i n g — v a l u e ( r i g h t — h a n d — s i d e — o f ( s t m t ) )  $)
resul ts—in— string—overflow

=> fatal—error (’maximum— str ing—iength—exceeded’)
SOT !TERWISE 5.

IPROC— DE’ shor t—string—iet—staternent—effect (stmt )

“(stmt HIS <string—let—statement ) &
ILENGTH(string—value(right—hand—side—of (stmt ))) <=
max— assignable—string— length)”

IREGIN

SCOMPUTE! $ASSIGN—LATEST—VALUE (standard—name—o f
(left—hand—side—of(stmt)) , “rece ives ”
s t r i n g — v a l u e ( r i g h t — h a n d — s i d e — o f ( s t m t ) ) )

SRETURN—W ITII—VALUE ! INTL

SEND I.

DDE’ next— s tatement—effect(stmt )

“ (stint HIS <next— statement ) )“

= > i n c r e m e n t — c o n t r o l — v a r i a b l e ( s tm t )  ATE’ ( S s t m t $ )
matches—act ive— for ;

= > n o — m a t c h i n g — a c t i v e — f o r  I O T H F R W T S E  ‘1 .

= = = = = = = = = = = = = = = = = = = = con trol — H f~, = : = = = = = = = = = = = = = = =
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IPROC—DE’ increment— control—variable( stmt )

“ ( s t i n t PIS < n e x t — s t a t e m e n t >  1”

SBEGIN

SASSIGN—VAL IJE! first—time—through = #FAL SE

SCOMPUTE ! #ASSIGN—LATEST—VALEJE(standard—narne—of
(co ntro], — v a r i a b l e — i n ( s t m t ) )  , “ rece ive s”
perform (#LATEST—VALUE(standard—name—of(control—variable— in (stmt )))
‘+ ‘ , increment—of—matching— for (stmt)))

DRETURM— ’eJITH—VAL UE ! INTL

SEND S.

IDE increment—of—matching— for (stmt )

“ (stint 113 <next—statement> 1”

=> 3 Q T H — E L E M E N T — I N  (active—control—varjable (stmt)) I.

DDE matches—active— for(stmt)

“( s tmt 113 <n e x t — s t a t e m e n t >  1”

= > •TR UE 51FF I T M E R E — E X I S T S  x SIN a c t i v e — f o r — b l o c k — l i s t
P SUCH — THAT ( c o n t r o l— v a r i a b l e — i s— a c t i v e ( x , ” in ” st i n t ) )
S .

IDE no—matching — active— for

=> fatal—error (’next— statement—mat ches—no—actjve— for ’)
S .

I P R O C — D F  print— statement—effect (stint)

“ ( s t int  413 < p r I n t — s t a t e m e n t >  1”

SBECIN

contro l—U7 
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HEOR—ALL i : 1 < i <= #LENGTH
(print—list— sequence—of (stint)) IDO

SCOMPUTE ! convert— and—print (i 5TH_ELEMENT_ IN
print— list— sequence—of (stint))

D IE ’ SNOT ( $stmt S)  e n d s — i n — s e p a r a t o r
DTHE N SCO M P I JTE !  p r i n t  ( e n d — o f — p r i n t — l i n e — c h a r )

IRET URN—WITH—VAL UE ! SPIlL

SEND S.

DDF e n d s— i n — s e p a r a t o r ( s t m t )

“ ( s t i n t  SI TS < p r i n t — s t a t e m e n t >  1”

=> #EALSE I S l E  print—list—sequence—of (stmt) SEQ #P’ILSEQ

:> STRUE DIE’ (5 SLAST—ELEMENT— IN
print—iist— sequence—of(stmt) S) is—print— separator

=> IFALSE SOTHERWISE S.

IDE print— list— sequence—of (stint)

“(stint ISIS <print— statement> 1”

=> SSEQUENCE—OE’ <expression> Iii < t a b — c a l l >  SO
< p r i n t — s e p a r a t o r >  SIN stint S.

IDE ’ i s — p r i n t — s e p a r a t o r  ( n x )

“ (nx ITS <ex pression> SU <tab— call> Iii
<print—separator> }“

:> STRUE lIFE nx ITS <print— separator> if .

IDE end— of—print— line— char

“(SON—RETURN: end— of—print— line— char SIjS
< e n d — o f — p r i n t — l i n e >  1”

con trol— HR 
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=> ‘ E L F ’ ) ’  S.

IDE ’ p r i n t  ( st r )

“(str SIS #STRING)”

=) a p p e n d — a n d — o u t p u t  ( s t r)  lIE  e n d — o f — p r i n t — l i n e — c h a r
SIS I SURWORD s t r ;

=> append—to— current—print— line (str) SOTHERWISE I.

SPROC — DE ’  a p p e n d — a n d — o u t p u t  ( s t r)

“ ( s t r  IT S #STR IN G & e n d — o f — p r i n t — l i n e — c h a r  HIS #S!JBWORD
stri”

IBEGIN

S COMPUTE !  a p p e n d — t o— c u r r e n t — p r i n t — l i n e
( ( # P R E F I X — O F — F T R S T  e n d — o f — p r i n t — l i n e — c h a r  D I N  s t r)
#CW e n d — o f — p r i n t — l i n e — c h a r )

ISCOMPUTE! output— current—print— line

ICOMPUTE ! print (ftSLJE’FIX—OF—FIRST
e n d — o f — p r i n t — l i n e — c h a r  SIN s t r)

IRETURN—WITH—VALUE ! INTL

SEND S.

I PROC —DE ’  a p p e n d — t o — c u r r e n t — p r i n t — l i n e  ( s t r)

“ ( s t r  HIS  I S T R I N G ) ”

#BF.GIN

DASSIGN—VALUE ! current—print— line =
c u r r e n t — p r i n t — l i n e  SCW str

#RET IJRN—W ITH—VAL JJE ! INTL

SEND P.

control—U9 
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SPRO C— DE’ output— current—print— line

IBEGIN

SCOMPUTE! SOUTPUT (current— print— line)

SA S S I G N — V A L U E !  c u r r e n t — p r i n t — l i n e  = I N T L

IRETURN—W ITH—VAL IJE! INIL

SEND I.

IDE’ c o n v e r t — a n d — p r i n t  ( x )

“(x SIS <expression> lJ ti < t a b — c a l l )  SU <print— separator>
1”

:> print—tab (tab—value (x)) lIE’ x ITS <tab—call>

=> SPIl L D I E ’  x HIS #CASE 2 IOF < p r i n t — s e p a r a t o r >

=> print— comma lIE x HIS I CASE 1 H OE ’ < p r i n t — s e p a r a t o r >

=> p r i n t — t h e — i t e m
(implementation— string—output—representation
(string—value (string—expression—of (x)))) PIE’ (SxS)
i s — s t r i n g— e x p r e s s i o n ;

= > p r i n t — t h e — i t e m  (n u m e r i c — o u t p u t — r e p r e s e n t a t i o n
(numeric—value (numeric—expression—of (x)))) lIE’
(Sx$) is—numeric— expression S.

DDE tab—value (tc)

“ftc ITS <ta b—call> 1”
> ($  i n t e g e r — v a l u e ( n u m e r i c — e x p r e s s i o n — o f ( t c ) )  ~ )

a d j u s t e d — f o r — t a b b i n g  II .

DDE adjusted— for—tabbing (n)

“(n #15 #INTEG !R}”

:> tab—value— less—than— one tilE n < 1

control—SO 
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= > r e s i d u e (n  — 1 , “mo dulo ” im plementation—margin) + 1
DOTHERW ISE S.

IDE’ tab—value—less—than— one

=> 1 lIE non-fatal— error( ‘tab—value— is— less—than— i; 1
assumed’) SEOW SPIlL I.

IDE ’ r e s i d u e  (n , ”modulo ” m )

“{ n >= 0 & m>O)”

=> n — (n / i n)  * m H.

IDE’ integer—value (nx)

“(nx ITS <numeric—expression> 1”

=> ($ ($numeric—value (nx)$)rounded—to—an—integer5)
c o n v e r t e d — t o — s e m a n o l— i n t e g e r  P .

IDE p r i n t — t a b  ( n )

“ (1 <= n & n <= im plementation —margin )”
-4

=> print ((Sn — c o lu m n a r — p o s i t i o n s )  spaces)  D IE ’ n >=
columnar— position ;

=> print (end—o f—print— line— char #CW (Sn — 15)
s paces )SOTHER W ISE 4. 4

SEW columnar—position

> #LENGTH (current—print— line ) +1 I.

IDE spaces (n)

“(0 (=n & n <: imp lem entation —marg inl”

=> SLEPT n SCHARACT FRS— OE ’ l i n e — o f — s p a c e s  A •

con trol— Si : : = = = = = : = ~~~~~~:
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IDE’ l ine—of— spaces

“(ON—RETURN: #LENGTH (line—of— spaces) =
im plementation —margin & HFOR—ALL x : 1 <= x <=
implementation—margin STT— IS—TRUE— TiiAT (x
5TH—CHARACTER— IN line—of— spaces ITS #SPACE 1”

a.

> b l a n k s ( i m p l e m e n t a t i o n — m a r g i n )  I S .

DDE’ blanks (n)

“(n ITS SINTEGER I”

=> SNIL lIE n <= 0

=> ISPACE #CW b l a n k s ( n  — 1) IOTHERWISE l •

IDE’ print—comma

=> print— tab (next— zone—tab—position) SIP SNOT
a l r e a d y — i n — l a s t — p r i n t — z o n e ;

= > p r i n t  ( e n d — o f — p r i n t — l i n e — c h a r )  H OTHE R W I SE H .

IDE n e x t — z o n e — t a b — p o s i t i o n

= > #FI RST pos SIN l i s t — o f — z o n e — t a b — p o s i t i o n s  U S U C H — T H A T
(pos ) c o l u m n a r — p o s i t i o n ) D I E  I T H E R E — E X I S T S  ~ 0S H IPI
list—of—zone—tab—positions ISIJCH_THAT (pos >
c o l u m n a r — p o s i t i o n ) ;

=> 1 POTHERWISE ~1.

D DE l i s t — o f — z o n e — t a b — p o s i t i o n s

= > s e q u e n c e — o f — i n t e g e r s — o f — l e n g t h  ( n r — z o n e s — i n — m a r g i n
, “ s t a r t i n g— w i t h ”  I , “ i n — s t e p s— o f ”
implementa tion—print — zone—wjdth) S.

IDE ’ s e q u e n c e — o f — i n t e g e r s — o f — l e n g t h  (1  , “ s t a r t i n g — a t ”  i
,“in—s teps—of” j)

con trol— 52
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Contro l  S e m a n t i c s

“(1 >= 0 & i ITS SINTEGER & j SIS SINTEGER)”

=> #NILSEQ HF’ 1 = 0

:> \ i \  ICS s e q u e n c e — o f— i n t e g e r s — o f — l e n g t h  ( 1 — 1
, “ s t a r t i ng— a t ”  i + j  , “ i n — s t e p s — o f ”  j )  SOTHERW I SE 4 .

3.

#DF n r — z o n e s — i n — m a r g i n

:> implementation—margin /
i m p l e m e n t a t i o n — p r i n t — z o n e — w i d t h  STE r e s idue
( i m p l e m e n t a t i o n — m a r g i n  , “ modu lo ”
implementation—print— zone—width ) = 0

=> implementation —margin /
i m p l e m e n t a t i o n — p r i n t — z o n e — w i d t h  + 1 #OTHERWISE I.

IDE ’ a l r e a d y — i n — l a s t — p r i n t — z o n e

=> STRUE #IE’F columnar—po~~t~~ion )= #LAST—ELFMENT—IN
list—of— zone—ta b—posit..

~
ons I.

DD E p r i n t — t h e — i t e m  ( st r )

“(str IIS ISTRING}”

=> print (($str$) altered—i f—too— long) S.

IDE’ altered— if— too— long (str)

“ ( s t r  SIS I S T R I N G I ”

=> str lIE ILENGTH (str) <= (implementation—mar gin + 1)
— columnar—position;

=> end— of—print —li ne— char PCW margin— checked (str)
SOTHERW ISE H.

DDE margin— checked (str)

“ ( s t r  113 I S T R I N G ) ”

:> str lIE’ HLFPIGTH (str) <= implementatio n—m argin;

con trol—53 
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=> SLEFT im plementation—margin SCHARACTER S—OF str HCW
end—of— print—line—char #CW margin—checked
(#SUFFIX—OF—FIRST (SLEPT implementation—margin4 SCHARACTERS—OF str) DIN str) DOTHERWISE I.

SPROC—DE’

“ (stint SIS <read—statement> ) “

IBEGIN

“is there enough data in the remainder of the data
sequence?”

SIP SLENGTH (list—of—variables—to—be—input—in (stmt )) >
ILENGTH (totality—of—data—in (basic—program )) —

data—list—pointer + 1
ITHEN

S COM P ii? E !
tatal—error( ‘not—enough—data— left—in—data—list’)

“ assign da ta  to v a r i a b l e s  in the  read s t a t emen t , if
type  matches ”

I F O R — A L L  x : 1 <= x <=
I L E N G T H ( l i s t — o f — v a r i a b l e s — t o — b e — i n p u t — i n ( s t r n t ) )  IDO

IBEGIN

“ is  a s t r i n g  d a t u m  be ing  a s s ign e d  to a n u m e r i c
var iable?”

SIP list—element (x ,”in ”
list—of—varia bles—to—be—input—in (strnt)) #13 SCASE 1
SOF <varia ble> & INOT (5
l i s t — e l e m e n t ( d a t a — l i s t— p o in t e r , “ in ”
to ta 1 ity— of .-data~ i n ( b a s i c — p r o g r a m ) )  $)
i s — n u m e r i c — d a t u m  I T H E N

ICOMPIJTE!
f a t a l — e r r o r ( ’ s t r i n g — d a t u m — a s s i g n e d — t o — n u m e r i c — v a r i a b l e ’)

“assi gn datum to variable ”

ICOMPUTE ! assign—next—datum (“to ” list—elemen t(x ,

con trol_SLI
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“in ” list—of—variahles—t o—be—input—in (stmt)))

“increment data— list—pointer ”

#ASSIGN—VALUE! data— list—pointer
4 data— list—pointer + 1

SEND

IRETURN—W ITH—VALUE! SPIl L

SEND S.

IDE assign—next— datum (”to ” v)

“ (v MIS <var iable> 1”
=> assign— string—value— or— error (“to ” v) PIE’ SNOT (5v~ )i s — n u m e r i c — v a r i a b l e

=> #ASSTGN— LATEST—VALUE (standard—name—of (v) , “receives ”
numerjc— constant— overflow—error—effect
(ISTRING—OF—TER MINALS—OF’
(list—element (data— list—pointer , “in ”
totality—o f—data—in(basl,c—progra rn ))))) lIE’ (5
lis t— element (data— list—pointer , “in ”
totality— of— data—in (basic—program)) 5)
r e su l t s — i n — n u m e r i c — c o n v e r s  l o n — o v er f  low

=> ~ASS IGN—LA TEST—VAL UE (standard—nam e— of (v) , “rece iv es ”
value— of— datum (list— elernent (data— ljst—poin ter , “in ”
total ity— of— data— in (basic—program )) , “wrt” v))
P O T H E R W I S E  I .

IDE’ assign— string— value— or— error(” to ” v)

“(v PIS <var iable> )“

=> f a t a l — e r r o r  ( ‘ s t r I n g — d a t u m — i s — n o t — i n — r a n g e ’)  h F ’  ( t
list—e lem ent (data— list— pointer , “in ”
totality— of— data— in( !~asic—pro gram )) 5)results— in— string— overflow

:> SASSTG’!—LATEST—VALt ’F (stanlard—narne— of (v) , “receives ”
value— of— datum (l.ist— element(data— list—po inter , “in ”
totality—of — data— In (hasic—program )) , “wrt” v))

control— 55

.— Ig~~..I - - —~~-~~- ~~~~~~~~~~~~~~~~~~ ~



Pr— . -
-
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-- — --,-- -- .—------

01/28/77
Specification of BASIC SEMAP4OL Project
Semantic Definitions Control Semantics

::~~~~~~~~:::—:: ::

SOTHERWISE H.

IDF totality—of—data—in (prog)

“(prog SEQ basic—program)”

:) ISEQUENCE—OF <datum) HIM prog I.

#P ROC — DF r e s t o r e— s t a t e m e n t— e f f e c t

#BEGIN

HASS IGN—VALIJ E! data—list—pointer 1

I R E T U R N — W I T H — V A L U E !  SNIL

SEND S.

IDE statement—successor—of (stmt)

“ (stint SEQ current—statement)”

:> sim ple—statement—successor—of (stmt) h F  ($stmt5)
is—not—a—control— s tatement

=> goto—statement—successor—of (stmt) HF stint ITS
<goto—statement> SO <gosub—statement)

:> if—t hen—statement—successor—of (stmt) STE stint #15
<if—then—statement)

:> on— goto—statement—successor—of (stmt) PIE stint *iIS
<on—goto—statement>

> for—sta tement—successor—of(stmt) lIE stint HIS
<for—statement>

=> next— sta tement—successor—of (stmt) STE stint ITS
<next— sta tement)

:) return—statement—suecessor HF stint ITS
<return—statement> S.

IDE s i m p l e — s t a t e m e n t — s u c c e s s o r — o f  ( s t i n t )

H control—56
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“(($stmtS) is—not—a— control— statement SOR stint HIS
<for—statement> SOR stmt 113 < I f — t h e n — s t a t e m e n t >  D OR
stint SIS gosub—statement )”

=> nex t—executable— statement— following (stint) S.

IDE next—executa ble— statement—following (stint)

“ (stint ITS statement)”

> #FIRST s tmn t SIN
s e q u e n c e — o f — e x e c u t a b l e — s t a t e m e n t s — i n  (b a s i c — p r o g r a m )
I S U C H — T H A T  ( s t in t  I P R E C E D E S  s trn n t  S I N
sequence—of— statements—in (basic—program )) S.

DDE sequence—o f—executable— statements— in (px)

“ (px SEQ basic—program )“

:> #SUBSEQUENCE—OF—ELE’MENTS s t i n t  H I M
s e q u e n c e — o f — s t a t e m e n t s — i n  ( p x )  H S U C H — T H A T  ( ( S st m t 5 )
is—executa ble— statement ) S.

IDE’ sequence—of— statements—in (px)

“ (px lEO basic—program 1”

:> #SEQUENCE—OF < d a t a — s t a t e m e n t >
Si, <def—statement>
MU <dimensi on—statement>
SU <for—statement>
PU <gosub—statement>
PU < g o t o — st a t e m er t t )
HO <if—then— statement>
#0 <input— statement )
HO <numeric— let— statement>
SU <string— let— statement>
#0 <next— statement )
SU <on—goto— statem~ nt>
#0 <option— statement>
~U <print—s tatement )MU <random ize—statement>
SO < r e a d — s t a t e m e n t >
DO <remark— statement>

control—5 7
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#0 <restore—statement>
SU <return—statement>
DI) <stop—statement>
50 <end—statement> SIN px S.

IDE is—executable—statement (stint)

“jstmt SEQ current—statement)”

:> SNOT is—non—executable (stmt) S.

DDE if—then—statement—successor—of (stint)

“ (stint M IS <if—then—statement>)”

:> first—executable—statement— starting—with
(statement—whose—line—number—is—equivalent—to
(destination—line—number—of (stint))) lIE’
relation—value (relational—expression—of (stint))

:> simple—statement— successor—of (stint) SOTHERWISE I.

IDE go to—sta temen t—succe s so r— of  ( s t m t)

“(stmt SIS <goto—statement> #0 <gosub—statement> 1”
=> first—executable—statement— starting—with

(statement—whose— line—number—is—equivalent—to
(destination—line—number—of (stint))) 0.

IDF statement—w hose— line—number—is—equivalent—to (sn)

“(sn u S  <l ine—number> )“

> SFIRST stint SIN sequence—of— statements— in
(basic—program) ISUCH—THAT (line—number—value—of
((Sstmtt)s—own—line—number) = line—number—value— of
(Sn)) S.

IDE first—executable— statement— starting—wlth (stint)

“(($stmt~ )is—basic—statement)”

control—SB 
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=> stint DIE’ ($stmt5) is—executable— statement;

=) next—executable— statement— following (stmt)
SOTHERWISE S.

DDE ’ s — o w n — l i n e — n u m b e r  ( s t i n t )

“ { ( $s t m t $ ) i s— b a s j c — st a t e m e n t }”

:> line—number—part—of (line— containing (stint)) 5.

I D E  line—number—value— of (n)

“(n #IS <line— number> PU <line — id> )“

:> ($n$) with— leading— zeroes—suppressed S.

#D F w i t h— l e a d i n g — z e r o e s— s u p p r e s s e d  ( n )

“(n #15 OSTRING & (ALENGTH (n) >= 1 &
HFIRST—CHARAC TER— IN (n) SMEOW ‘ — ‘ lOB #LENGTH (n) >=
2))”

:> #SURSTRING—OF— CHARACT ERS index—of— first—non— zero— in
(n) DTO #LENGTH (n) POE n PIE first—character—in (n)
I NE O W ‘ — ‘

=> ‘ — ‘ #CW (Smagnitude(n)$)
w i t h — l e a d in g— z e r o e s — s u p p r e s s e d  SO TH ER ’4 I SE S.

DDE index— of— first—non— zero— in (n)

“(n SIS ISTRING & •LENGTH (n) >: 11”

:> #FI~ ST i 1 <: i <= HLENGTH(n) PSIJCH—THAT ( I
5TH—CHARACTER— IN n SNEQW ‘0’ HOR i lEO SLENGTH (n))
S.

DDE magnitude(n)

“En HIS SINTEGER )”

=> n SIP first— character— in (n) I P I E Q W  ‘ — ‘

control—S9
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:> #SUFFIX—OF—FIRST ‘ — ‘ PIN n SOTHERWISE H .

#DF lin e— c o n t a i n i n g  (node )

“( node SIS # N O D F ) ”

=) SF IR ST x H I N  s e q u e n c e — o f — a n c e s t o r s— o f ’(n o d e )
#SUCH — THAT ( x  SIS < l i n e >  ) H .

IDE on— g oto —s ta t emen t —s uccesso r — of  ( s t in t)

“ (stint SIS <on—goto—state’nent> }“

:> sta tement—se lec ted—by (integer—value
(index—expression—of (stint)) ,“from ”
des t i n a t I o n — l i n e — n u m b e r — l i s t — i n  ( s t i n t ) )  5.

IDE statement—selected—by (ix ,“from ” ln l i st )

“ (ix SIS HINTEGER & lnlist HIS 4SEQUENCE & HFOR—ALL ln
S IN ln l i st  P I T — I S — T R U E — T H A T  ( ln  H IS  line—number)) ”

=> fa t a l — e r r o r
( ‘ o n — g o t o — e x p r e s s i o n — v a l u e — l e s s — t h a n — o n e ’)  HF ix  <
1 ;

=> fatal—error
( ‘ on — g o t o — e x p r e s s i o n — v a l u e > l i n e — n r — l I s t — l e n g t h ’ )  P I E ’
ix > •LENGTH (inlist)

=> first—executable—statement— starting—with
(s t a t e m e n t — w h o s e — l i n e — n u m b e r — i s — e q u t v a l e n t — t o  ( ix
5TH_ E L E M E N T _ I N  ln l i s t ) )  $ OTHER ” JI SE S.

DDE’ destination— lIne—number— list— in (stint)

“ (stint HIS <on—goto—statement ) 1”

=) ISEQUENCE—OE < l i n e — n u m b e r )  H I M stint H .

DDE for—statement—successor—of (stmt)

control—6’1
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“ (stint HIS <for—statement> 1”

=> deactivate—f’or—block (stmt) HF ($stmt$)
satisfies— for—expression;

=> s imp l e— st a t e m e n t — s u c c e s s o r — o f ( st m t )  SO TH E RWI SE ‘.

PDF sa t i s f i e s— f o r — e x p r e s s i o n ( st mt )

“ (stint HIS <for—statement ) 1”

=> STRUE 11FF impleme n t a t i o n — g r e a t e r — t h a n — t e s t  ( p e r f o r m
(perform (SLATEST—VALIJ E (standard—name—of
(control—variable—in (stmt))) , ‘ — ‘ , 2 #TH.ELEMENT—IN
active—control—variable (stmt)), ‘‘ ‘ ,

modified— sign—of (increment—of—matching—for(stmt))) ,
implementation— zero) S.

PDF modif ied— sign—of (inc)

“ ( i n c  SIS im p l e m e n t a t i o n — n u m b e r ) ”

=) imp leme ntati~on—o n e #I~ implementation —not—less—test
(inc ,implementation— zero)

:> implementation —negative—one SOTHERWISE H.

#PRQC— DF deactivate— for—bloc k (stmt )

“tstm t ITS <for—statement ) ‘1”

I B E G I N

DASSIG N—VALU E ! active— for—block— list =
new— active— for—block— li st (stmt)

IRETURN—W ITH—VALUE! simple— statement— successor— of
(match ing—next(stmt))

M E N D  S .

IDE rnatching—next (stmt)

“ (stmt ITS <for— statement> }“

control— 61
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:) #FIRST stmnt SIN
sequence—of—next—statements— following (stmt)
#SUCH—THAT
(standard—name—of (control—vartable—in (stmnt)) #EQ
standard—name—of (control—variable—in(stmt))) 1.

IDE sequence—of—next—statements—following (stmt)

“ (stmt PIS <for—statement> )“

=> #SUBSEQUENCE—OF—ELEMENTS stmnt SIN
sequence—of—next— statements—in (root—node(stmt))
SSUCH—THAT (stint #PRECEDES stmnt HIM
root—node(stmt)) S.

D D E ’ n e x t — s t a t e m e n t — su c c e s s o r — o f ( s t m t )

“(stint hIS <next—statement ) )“

=> ILAST stmnt SIN sequence—of—for—statements—preceding
(stint) SSIJCH—THAT
(standard—name—of (control—variable—in (stmnt )) HEQ
st a n d a r d — n a m e — o f ( c o n t r o l — v a r i a b l e — i n ( s t m t ) ) )  S.

IDE sequence—of— for— statements—precedin~ (stmt)

“(stint 115 <next—statement> }“

=) OSUBSEQUENCE—OF—ELEMENTS stmnt SIN
sequence—of— for— statements—in (root—node(stmt))
#SUCH—THAT (stmnt SPRECEDES stint SIN
ro o t— n o d e ( s t m t ) )  S.

IDE’ return—statement—successor

“ (current—statement HIS <return—statement> 1”

> r e t r i e v e — l a t e s t — r e t u r n — p o l n t  4 .

SPROC — DE r e t r i e v e — l a t e s t — r e t u r n — p o i n t

“ ( c u r r e n t — s t a t e m e n t  SIS < r e t u r n — s t a t e m e n t )  )“

control— 62 
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#BEGIN

OlE return—point—list SEQ DNILSEQ ITHEN

S COMPUTE!
fatal—error ( ‘attempt_to_execute_more~returns—thafl—goSUbS’)

“otherwise ...“

SASSIGN—VALUE! latest—return— point =
#FIRST_ELEMENT_ IPI(return—point—list)

DASSIGN—VALUE! return—point— list
all—but— first—element—in (return—point— list)

DRETUR PJ—WITH—VALU E ! latest—return—point

SEND I.

IDE ’ a l l — b u t — f ’ i r s t — e l e m e f l t — i n ( l i S t )

“ (list SEQ return—point— list)”

> STERMINAL_StJRSEQ—OF—LEP1GTH (ILENGTH (list) — 1) IDE
list S.

control— 63
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IDE standard—name—of(name)

“( name SIS <numeric—variable> HU < s t r i n g — v a r i a b l e >  Oti
<variable> DO <simple—numeric—varIable> PU
<numeric—array—element> PU <control—variable> )“

=> standard— array—element—n ame—of (
nameable—part—of (name)) HF nameable—part—of (name)
SIS <numeric— array— element>

s t a n d a r d — p a r a m e t e r — n a m e — d e r i v e d — f r o m ( s t a t e m e n t — c o n t a i n  ing
( n a m e a b l e — p a r t — o f ( n a m e ) ) )  P IE ’
(~ nameahle—part—of (name )$)
i s— d e f — st a t e m e n t — p a r a m e t e r

:> hSTRING—OF—TERMTUALS—OF( nameable—part—of (name ))
SOTHERWISE 0.

ODE standard—array—e lement—name—of (name)

“( name HIS < n u m e r i c — a r r a y — e l e m e n t )  1”

:> on e — d i m e n s i o n — a r r a y — e l e m e n t — n a m e — o f
(numeric—array—n ame—of (name) , first—dimension—value
(subscript—part—of (name))
,“with—respect—to—the—bounds ” option—base-.for(name)
,“and” first—dimen sion—upper—bound—value— for (name))
M I F  ($subscript—part—of’ (name)$) has—one—dimension ;

=> two—dimensIon—array—element—name—of
(numeric—array—name—of(name) , first—dimension—value
(subscrlpt—part—of(name)) , second—dimension—value
(subscript—part—of(name ))
,“with—respect—to—the—bounds ” option—base— for (name)
, “ a nd ”  f i r s t — d i m e n s i o n — u p p e r — b o u n d — v a l u e — f o r ( n a m e )
, “ and ”  seco n d — d i m e n s i o n — u p p e r — b o u n d — v a l u e — f o r ( n a m e ) )
MOTHERWISE 0.

IDE one— dim ension— array— element—name— or
(aname ,index ,base , bound)

“ ( a n a m e  ITS < n u m e r i c — a r r a y — n a m e )  S A N D  i n d e x  H I S
PINTEGER SAND haze 41.3—IN \0,1\ SAND bound SIS

~~~~~~~~~~~~~~
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SINTEGER)”

=> SSTRING_OF’_TERMINALS_OF (aname) #CW ‘ ( ‘  SCW (~~i n d e x $ )
with— leading— zeroes—suppressed ~‘IF ’ base <= index
SAND index <= bound ;

=> fatal—error(’ su bscr ip t ou t of boun d s ’) OTHERWISE’ S .

SDF two— dimension — array— elem ent—name—of’
( a n a m e , i d x l , i d x 2 , ba s e , b ou n d l , b ou n d 2 )

“ ( a n a m n e I l l S  < n u m e r i c — a r r a y — n a m e )  SAN! ) i d x l  I l l S  H I N T E G E R
11AM !) i d x 2  ITS SINT E G ~~R SA M ! )  base ITS— IN \0,1\ SAND
bound ’? 113 S I N T E G E R  H A M D  bound 3 HIS HINTEGER)”

=> S S T R I N G _ O F _ T E R M I ’ 1A L S~ O F ( a n a m e )  #CW ‘(‘ SCW ( M d x l S )
with— leading— zeroes— suppressed 5C14 ‘

, ‘ $CW (~~idx2$)
with— leading— zeroes—suppressed PIP base <= idx l H A N D
i d x l  <: boundl lAND base <= i d x 2  S A N D  i d x 2  <=
b o u n d 2 ;

=> fatal—error(’ subscrjpt out of bounds ’) SOTHERWISE’ H .

#DF fjrst—dimen sion—value(sub)

“ (sub HIS <subscript> )”

=> (~~($numeric—value (first—dimension-of (sub))U
rounded—to— an— integer$ ) converte d— to— semanol— integer
I.

DDE’ second— dimension—value (su~,)

“ (sub HIS <subscript> SAND (~~sub~ ) has—two—dimensiors)”

=> ($ ($numeric—value (zecond—dimension—of (sub ))t)
roun ded—t o— an— integer~ ) converted — to— semanol— inte ger
I.

IDE first—dim ension—upper—bound— value— for (arrayel )

“ (arrayel HIS <numeric—array—ele m ent )”

=> SSTR ING_O F_ TERM INAL S_OF (first_ dimension _bound _ o r

sn ame— 65
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(bounds—part—of’ (array—declaration— fo r
(numeric—array—name—of (arrayel))))) HIP
($numeric—array—name—of (arrayel)~~)
is—ex plicitly—declared—array;

=> 10 DOTHERWTSE S.

IDE second—dimension—upper—bound—va].ue—for(arrayel)

“ ( a r r a y el  #13 <n u m e r i c — a r r a y — e l e m e n t ) ”

:> ISTRING—OF—TERMINALS—OF (second—dimension—bound—of
(bounds—part—of (array—declaration—for
(numeric—array—name—of (arrayel))))) DIE
($numeric—array—name—of (arrayel ) $)
is—ex plicitly—declared—array ;

:> 10 SOTHERWISE I.

IDE option—base— for (arrayel)

“(  arrayel ITS <numer ic—array—element> 1”
=> ‘0’ DIE’ sequence—of—option— statements— in

(root—node(arrayel)) SEQ SNILSEQ

=> DSTRTNG—OE—TERMINAL S—OF (option—base—of
(#FIRST—ELEMENT—IN (sequence—of—option—statements—in
(root—node (arrayel))))) SOTHERWISE I.

IDE is—ex plicitly—declared— array(aname)

“( aflame HIS <numeric— arra y—name> 1”
:> ITRUE lIFE’ PIHERE—EXISTS a SIN

s e q u e n c e — o f — a r r a y - d e c l a r a t i o n s — i n  ( r o o t — n o d e ( a n a m e ) )
OSUCH—THAT (aflame MEOW numn eric—array—name—of(a )) S.

DDE array— declaration— for(aname)

“( aname HIS <numer ic—array—name> )“

:) SF ’!RST a M I N  s e q u e n c e — o f — a r r a y — d e c l a r a t i o n s — i n
(root—node (aname)) #S!JCH—THAT (aname MEOW

sname— 66 
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numer ic—array—name—of(a )) S.

IDE’ is—def—statement—parameter (name)

“{ name SIS (simple—numeric—variable> It)
<str ing—variable> }“

=> ($ statement—containing (name) , “has” name t)
as—a— parameter / / I F  ($ statement—containing(name) ~ )
is—def— statement—with—parameter

:> #F’ALSE SOTHERWISE S.

DD E’ a s — a — p a r a m e t e r ( d e f — s t , “ha s” n a m e )

“(name I/IS <string—vari ahle> It)
<s imple—numeric—variable> &
($ def—st ~) is—def— statement—with—parameter l”

=> OTRUE lIFE’ SSTRING_OE_TERMIMALS_OE(name ) SFQW
OSTRTNG—OE— TERMrNALS—OE (
def— statement—parameter—of (def—st)) I.

• IDE statement—containing (nx)

“ (nx DIS SNODE )”

:> statement—part— of (llne— containing (nx)) P.

#DF standard—parameter —name—derived — from (ctef)

“( ($def$)ls—def—statemnent—with—parameter II”

=> ff STR ING~ OC’_TERMINA LS~OF( def— statement—name—of (def))
#CW SSTRIPIG_OF_ TERMIMA LS_OF (
def— statement—paramn eter—of(def)) P.

sna me—57
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DDF results—in—string—overflow (s)

“1 s HIS #STRING}”
:) STRUE lIFE OLENGTH(s) > max— assignable— string— length

+ 2 & first—character—in (s) IFOW ‘“‘ &
last—character— in(s) #EQW ‘“‘  HOR #LENGTH(s) >
max—assignable—string—length P.

#DF strin g—value (exp)

“1 exp #IS (string—expression }“

:> #LATEST—VALUE (standard—name—of(
string—var iable—of(exp))) DIE
($exp$)is— string—variable

=> reniove— quotes—f’rom (SSTRING—OF—TERMIMALS—OE
(string—constant—of (exp ))) DIE’ ($exp$)
is—string—constant S.

DDE’ remove— quotes—from(s)

“1 s H I S  IST RING )“

:> 1StJ~ STRING—O F—CHARACTER 5 2 ITO #LENGTH(s) — 1 DOE s
S.

DDE ’ numeric—value (exp)

“( ($exp$) is—numeric—exp— subnode )”

:> numeric—value (operand— 1—of (exp)) PIE’ exp HIS
<numer ic—expression> S(J <term> 5(3 <factor> 0!!
< p r i m a r y >

:> numeric—value (operand— 1—of (exp )) h F  exp ITS
<positive—expression>

:> perform( numeric—value(oper and— T—of (exp )) ,
‘unary—m inus ’, #!JNDEFINET)) lIE exp ITS (ne gation>

:> perform ( numeric—value ( perand— 1— of (exp ), ‘ + ‘
,

eval— 69 
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num eric—value(operand— 2—of (exp))) PIE’ exp ~I3 <sum>

=> perform( numeric—value( operand— 1—of (exp )), ‘ — ‘ ,

numeric—value(operand—2—o f(exp))) PIE’ exp HIS
<difference>

=) perform( numeric—value( operand—1—of (exp)), ‘‘‘ ,
numeric—value(operand—2—o f (exp)) ) PIE ’ exp HIS
<product )

=> perform ( num eric—value ( operand—t— of (exp )) , ‘I ’ ,
numer ic—value(operand—2—of (exp ))) “IF ’ ex p  #r s
<quotient)

=> perform ( numeri c—value C operand— 1— of(exp )) , ‘
a

’ ,

numneric—value(operand—2—of (exp ))) h F  exp ~IS<involution>

=> PL~TEST—VALUE(standard —name— of (exp)) PIE’ exp HIS
< n u m e r i c — v a r i a b l e >

=> numeric— constant—value(exp) PIE’ exp HIS
< n u m e r i c — r e p >

:> numer ic— function—value(exp) HF exp HIS
<numer ic— function— ref ) I.

“The BASIC standard prescribes certain actions for error
con diti ons wh ic h can occur in the evalua ti on of the
arithmetic operators. Overflow , division by zero and some
special cases in involution are required to give a non— fatal
error and re turn som e stand ar d res u lt , possibly depenrling on
one or both arguments. Underf’low is not considered a
non— fatal error , at least to the extent of listing it in the
error section under the evaluation section. However , the
remarks suggest that underflow be treated as an er ro r ,
though clearly not requiring treatment as an error. We
choose to model this by an implem entation— dependent
parameter whose value is STPUE or I F A L S E .  If ’ it is f l T R !JE ,
then underf ’low is uni formly treated as a non— fatal error ,
otherwise it returns the prescribed value ,
implementation— zero , with no other effect.

The BASIC standard specifies that non— fatal errors

eval— f~9
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shall be reported and subjected to the specified error
recovery procedures . The text of the  report is
implementation dependent. Generally, the recovery procedure
returns some specified value. Usually it returns one of’ the
imp lement ation dependent limi ts , such as
im plementation— infinity or implementation— zero. Por many
cases , the standard specifies that either plus or minus
infin ity is the non— fatal recovery procedure result. The
sign of the result is determined from the operands. ”

IDE perform(opl ,op,op2)

“( ($op1~~) is— implementation —number & ($op2$)
is— implementatio n—number & op 513—IN
\‘unar y—m inus ’ , ‘ + ‘ , ‘ — ‘ , ‘•‘ , ‘I ’ , ‘~~~‘ \  } “

=> special—effect (opl ,op,op2) lIE (~ op1 ,op,op2A )
requires—special—effect ;

:> overflow—error—effect (op l ,op,op2) lIE’ (~ opl , op,
op2$) results—in—overflow;

:> un derflow—ef’fect(op) DIE’ ($opl , op, op2~t)results—in—un derfiow ;

:> simnple—per form(opl ,op,op2) DOTHER’4T~ E H.

DDE’ results— in—over flow (opl ,op,op2)

“ (($opl$) is—implementation —number & ($op2~ )is—implementation—number & op 1IS—IN
• un ary—mi nus ’ , •*  / ‘  ~\ }“

:> ($opl$) results—in—negate—overflow STE op HFQW
‘unar y—mn inus ’;

:> ($opl ,op2$) results— in— add— overflow PIE’ op M EOW ‘+ ‘ ;

=> ($opl ,op2$) results— in— subtract— overflow filE op SEQW

=> ($opl ,op2$) results—i n—multiply — overflow SIP op HEOW
,* ,

=> (~ op1 ,op2$) results— in— divide— overflow STE op P EO W
‘I,

ev al—7 0



~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ . : ‘~

— -
~
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

01/28/77
Specification of BASIC SEMANOL Project
Semantic Definitions Evaluation

=> ($opl ,op2~ ) results—in—involute—overflow SIP op HEOW
,_ , 5.

•PROC— .DF overflow—error—effect (opl ,op,op2)

“{($opl$) is—implementation—number & (~ op2~ )
is— implementatio n—number & op #13—IN

¶ IBEGIN

ICOMPUTE ! non— fatal—over flow—error—report (op)

DIE overflow—result— sign (opl ,op,op2) MEOW ‘ + ‘

DTHEN IRETIJRN—WTTH—VALtJ E ’! implementation — infinity

lIE overflow—result— sign (opl ,op,op2) P E Q W  ‘ — ‘

ITHEN IRETURN—WITH—VAL UE!
implementation—negative—infinity

SEND H .

DDE result s— in—underf low(opl ,op,op2)

“{($opl~~) is—implementation —number & (~ op2~ )
is— implementation—number & op HIS— IN
\‘unar y—minu s ’ , ‘+ ‘ 

, ‘ — ‘ , ‘~~~~ ‘ 
, ‘I ’ , ‘~~~‘ \) “

=> ($opl$) results— in—negate—underf low lIE’ op #F0’4
‘unar y—minus ’;

=> ($opl ,op2$) results— in— add—underflow STE op SE QW

:> ($opl ,op2$) results—in— subtract—underf low PIE op
#EQW ‘— ‘;

=> ($opl ,op2$) results— in—multiplv —under flow lIE op
#E QW ‘‘‘~~

:> (topl ,op2.t) results— in— divide — under flow SIP op HFO’J
‘ I ’ ;

:> ($op1 ,op2~ ) results— in— involute— ’inderf’low “ IF’ op
S EOW ‘~~~~

‘ S .

e v a l — 7 1
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Seman tic Definitions Evaluation

OPROC—DF underflow—effect(op)

“(op ItS—IN \‘unar y—minus ’, ‘ + ‘ , ‘ — ‘ , ‘~~~~~‘ , ‘I ’ , ‘~~~‘ \) “

IBEGIN

DI E u n d e r f l o w — i s — a — d e t e c t e d — n o n — f a t a l— e r r o r
ITHEN SCOMPUTE! non—fatal—underflow—error—report(op)

PRETURN—W ITH—VALUE ! implementation— zero

MEND P.

IDE non—fatal—overflow—error—report (op)

“~(op ITS—IN \‘unary—m inus ’ , ‘+ ‘ , ‘ — ‘ , ‘ ‘ ‘ , ‘I ’ , ‘ ‘\ J ”
=> non— fatal—ne gate—overflow—error—report DIE’ op SEQU

‘unary—minus ’;

:> non— fatal—add—overflow—error—report SIP op MEOW ‘+ ‘ ;

:> non— fatal— su btract—overflow—error—report HIP op ~EQ’4
‘ —

,

=> non— fatal—multi ply—overflow—error—report lIE’ op #E~’)W
‘a,.

=> non— fatal— divide—overflow—error—report STE op #FQW
• 1~, ,

:> non— fatal— involute—overflow—error —report STE op ~F.Q’4,~~~, I.

IDE’ overflow—resul t— sign(opl ,op,op2)

“f ($opl$) is— implementation —number & ($op2$)
is—im plementation —number & op HIS— TN

‘+ ‘ , 
,_ , 

, 
, *,  

, 
,/, ,

:> negate—overf’low—result— sigri (opl) PIE’ op “POW
‘unary—minu s ’

=) a d d — o v e r f l o w — r e s u l t — s i g n ( o p l , op2 )  HF op PF.OW ‘+ ‘ ;

e v a l — 7 2
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:> subtract— overflow—result— sign (opl ,op2) lIP op #PQW

~> multip ly—overf low—resu lt— sign (opl ,op2) HF op SEOW
‘I,.

~> divide— overf low— result— sign (opl ,op2) DIE’ op IFQ!4

:> involute—overflow— result— sjgn (opl ,op2) HIP op SEOW
‘~~~‘ I.

IDE’ non— fatal—under flow—error—report (op)

“(op HIS— IN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

:> non— fatal—negate—underflo w—error—report 1TF op SEOJ
‘unary—minus ’;

:> non— fatal—add—underflow —error—report STE op MEOW
‘+ ‘;

:) non— fatal— subtract—under flow— error—report lIE op
M E OW ‘ — ‘ ;

:) non— fatal—multlply—underf low— error— report HIP op
DEOW q*~~;

~) n o n — f a t a l — d i v i d e — u n d e r f ’ l o w — e r r o r — r e p o r t  ST E op HEOW
‘I,

:> non— fatal— involute—uriderf low— error— repo rt “IF op
ME O W ‘~~~~

‘ I.

IDE’ simple—perform (opl ,op,op2)

“(($op1~~) is— implementation — number & ( .~op2~
)

is— impleme ntation— number & op “IS— IN
\‘unary —minus ’ , ‘ + ‘ , ‘ — ‘ , 

, *,  
, ‘i ’ , ‘~~~‘\ ) “

:> imp lem entation— ne gateCool) ~IF op SE~)’4
‘unary—m inus ’;

) implemn entat ion— add (opl ,op2) ~T F o p ~~~~ ‘ + ‘ ;

ev al— 73
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> implementation—suhtract(op 1 ,op2) HF op SFQW ‘ — ‘ ;

:> implementat ion—mu ltiply (opl ,op2) PIE op MEOW ‘‘‘ ;
:> implementation—divide(op l ,op2) #T~

’ op H EO W ‘I ’ ;

~> implementation— involute(op l ,op2) HF op IFOW ‘~~~~ ‘ I.

HOE requires— special—effect(opl ,op,op2)

“ (($oplfl is— implementation —number & (~ op2~)is—implementation —number & op hIS—TN
\‘unary—minus ’ , ‘ + ‘ , ‘ — ‘ , ~~‘‘ , ‘I ’ , ‘ ‘ \) “

~> #FALSE SIP op HIS— IN \‘unary—minu s ’,’+’,’— ’,’~~’\;

: ($opi ,op2$) requires— special—divide— effect lIE op
AEQW ~/~~;

:) ($opl ,op2$) requires—special—involute —effect HF’ op
H E QW ~~~~~‘ I.

IDF spec ial—effect (opl ,op,op2)

“ (($opl$) is— implementation —number & ($op2 ~ )is— imple mentati on—number & op #IS—TN \‘/‘ ,‘~~‘\1”

=> special—divide—effect(op l) PIE op HEQ’4 ‘I ’ ;

:) special—involute—effect(opl ,op2) lIE op ~FQ~J ‘~~~~‘ S .

“Divide has one special case , division by zero.”

IDE’ requires— special—divide— effect(op l ,op2)

“( ( .~op 1~~) i s — i m p l e m e n t a t i o n— n u m b e r  & (~~op2~~)is—tmplementatjon—number}”

:> STRUE ST EP implementat ion—equals—test ( op 2 ,
implementation— zero) S .

•PROC—DF special—divide—effect(c,pl)

eval— 7U
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“ (($opl$) is— implementation —number & (~ op2$)is—imp levnentat ion—number}”

SBEG IN

ICO M PUTE ! non— fatal—divide—by— zero—error— report

HIP divide—by— zero— result— sign (opl) IEO’A ‘ + ‘

#THF.N /PRETURN—W ITH—VALU E ! implementation— infinity

HF divide—by— zero— result— sign(opl ) SEOW ‘ — ‘

ITHEN #RETURN— ’4ITH—VALUE!
implementation —negative — infinity

SEND I.

“Involution has three special cases. They are O~0,O~ (negative) , and (negative)~~(non—integer). ”

SDF require s— special— involute—effect(opl ,op2)

“U~ op1$) is— implementation —number & (.~op2$)is—implem entation—number }”

~) ITRtJE lIE implementation—equals—test (opi ,
implementation — zero ) & implementation —equal s—test
(op2 , implementation— zero);

:) STRUE h F  imp lementation— equals—test (op i ,
implementation—zero ) ‘~ implementation — less—t han— test
(op2 , implementation— zero);

=) STRUE HF implementation— less— than— test (opi ,
implementation—zero ) & INOT (.~op2$)is— implementation—integer;

:> IFALSE SOTHERWISE S.

~PROC—DF special— invo lute—effect(opl ,op2)

“ (($opl$) is— implementation — number & (~ op2$)is— impl em entat ion— numher }”

IBECIN

~val— 75
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HF implementation—equals—test (opi ,
implementation— zero)
ITHEN

SBEGIN

DIE implementation—equals—test (op2,
implementation— zero)
I THEN

“Case of’ zero~zer o”

#RETURN— WITH—VAL IJE! implementation— one

“Case of zero to negative power.”

S COM PUT F
non— fatal— zero—i nvoluted— to—negat ive— error— report

IRETURN—WITH—VALUE ! implementation—infinity

SEND

“ the on ly  case l e f t  by t h i s  point  in t h i s  df ’  is a
negat ive involuted to a non—integer power.”

SCOMPUTE! fatal-.error (’negat ive involuted to
non— integer ’)

MEN!) H.

IDE numeric— function—value(ref)

“ (  ref  #13 <numeric— function—ref ) )“

:> n u m e r i c — d e f i n e d — f u n c t i o n — v a l u e
(numeric— defined—f’unct ion—ref’—of’(ref)) PIE ( reffl
is—numer ic—defined— function—ref’;

:> numer ic—~ uppl ied— f’unct ion—value
(numeric—su pplied— function—ref—of (ref)) #OTHERWIS~
5.

eval— 76
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#PROC—DF numer ic—defined— functjon—value (dref )

“(  dref HIS <numeric—def ined— functjon—ref ) 1”

#REGIN

PIE’ ($dref$) has— an— argument
ITHEN ICOMPUTE! #ASS IGN—LATEST—VALUE
(standard—parameter—name—derive d— from
(def— statement—with—name
(numer ic—defined— f’unctjon—na me—of(dref’))) ,“the
value ” argument—value—of (dref))

IRETURN—WITH—VALUE ! numeric—value
(def—statement—expression—of (def’— statement—with—name
(numeric—defined—functjon—name—of (dref))))

SEND I.

IDE def— statement—with—name(dname )

“(dname HIS <numeric—defined—function> )”

:> SEIRSI x SIN (HSEQUENCE—OF <def’—statement) SIN
root—node(dname)) SSUCH—THAT(
#STRING—OE—TERMINALS—OF ( def—statement—name—of (x ))
SEOW #STRINC_OE_TERMINALS_QF(dname)) S.

IDE’ ar gument—value—of (ref)

“ (ref #15 <numeric —defined — f’uncti on— ref> PU
<numer ic— supplied— function— ref SAN!) (~~ref~ )has— an—argument)”

:> numer ic—value (argument—expression—of (ref)) ‘~~.

DDE’ numer ic— supplied— functi on—value (sref)

“ (sref HIS <numeric — supplie d—f unction — ref> )”

:) abs—function—value(argument—value—of (sref’)) IF
($sref$) is— abs— fun ction— ref;

:> atn— function—value(argum ent—value— of (sref )) STE
(~ sref$) is—atn— functior i— ref;

eval—7 7 
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~> cos—funct ion—value(argument—value—of (sref)) lIE’( $ s r e f $ )  i s — c o s — f u n c t i o n — r e f ;

:> ex p—functioi—value(argument—value—of(sref )) SIP
($sref$) is—e xp— function—ref;

:> int— function—value (argument—value—of(sref )) lIE’
($sref$) is—m t— function—ret ;

~) log—function—value (argument—value—of (sref) ) PIE
($sref$) is—log— function—ref ;

:> m d—function—val ue SIP (~tsre f ~ ) is—m d— function— ret ;

=> sgn— function—value(argument—value—of (sref )) SIE’
($sref~ ) is—s~ n— funct ion—ref;

:) sin—function—value(argument—value—of (sref)) DIE’
(.~sref$) is— sin— funct ion—ref;

:> sqr— function—value(argument—value—of (sref)) lIE’¶ (~ sref$) is— sqr—function—ref;

:) tan— function—value(argument—value—of(sref) ) DIE’
($sref’~ ) is—tan— function—ref S.

#DF abs—f’unction—value (n)

“((Sn$) is—implementation—number} ”

:> implementation—negate (n) PIE’
implementation —less—than—test
(n ,implementation—zero )

:> n ~OTHERWISE if .

IDE’ atn— function—value (n )

“(($n~ ) is— implementation —number )”

:) implementation—a rctangent— functjon (n ) H .

DDE cos— function—value(n)

eval—7 8
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“U $n$) is—implementation —number )”

=> im plementation—cosine— funct ion (n) S.

IDE exp— function—value (n)

“t ($n~~) is—implementation—number}”

~> exponenti al— function—overflow—effect(n) HF (~~ ‘~)r e s u l t s — i n — e x p o n e n t i a l — f u n c t i o n — o v e r f l o w ;

:> ex ponenti al— function—underflow—effect (n) DIE (tnt)
r e s u l t s— i n — e x p o n e n t i a l— f u n c t i o n — u n d e r f l o w ;  -;

=> i m p l e m e n t a t i o n — e x p o n e n t i a l — fu n c t i o n ( n )  # OT HER ’J I SE H .

IDE i n t — f u n c t i o n — v a l u e ( n )  . 1_ i

“ ( ( $ n $ )  i s— i m p l e m e n t a t i o n — n u m b e r ) ”

:> implementatlon— integer— function (n) S.

MOE ’ log— function—value (n)

“t ($n.t) is—implementation—number )”

:> special-’logarithm—function—effect (n) SIP SNOT
im plementation—greater —than—test
(n ,im plementation—zero );

:> implementation— logarithm— function(n ) SOTHF’R’41SF’ 5 ,

“The  m d  f u n c t i o n  is p e c u l i a r .  I t  has  no d i r e c t  a r g u m e n t ,
yet it is affected by the occurrence of a randomize
~‘a tement in a program. Therefore , the presence of’ the
- 
~ndomize stement is passed as an argument to the

~‘~‘1e-’eitat1on dependent section. The argument is a boolean
~~~~~~~~ ‘- iS S~~R U E  i f  the  r a n d o m i z e  s t a t e m e n t  is p r e s e n t . ”

0 ’~ .— — “u- ction— value

ti~pl.”.~ .r’tat ion— random— function(PTRUF ) SIP
‘i” ’ “t ’~~— occur s— in— p rogram ;

I

• • eval— 79
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~> im plementation—rartdom— function(IFALSP) SOTHERWISE 8.

DDE randomize— occurs— in—program

=> ITRUE lIFE ITHERE—EXISTS x SIN
(SSEQUENCE—OF—NODES— IN (basic—prograrn)) #SUCH—THAT ( x
SIS <randomize—statement)) S.

IDE’ sgn—function—value(n)

“U$n$) is—implementation—number )”

=> im plementation—negative —one HF
implementation— less—than—test
(n , im p l e m e n t a t i o n — z e r o ) ;

:> implementation— zero lIE implementation—equals—test
(n ,implementation— zero);

:) implementation—one HOTHERWISE S.

IDE’ sin— Function—value(n)

“U$n$) is—implementation—num ber) ”

:> im p l e m e n t a t i o n — s i n e — f u n c t i o n ( n )  I.

DDE sqr— function—value(n)

“U$n $) is—implementation—number )”

:> special—s quare—root— function—result(n) PIP
implementation— less—than—test
(n ,implementation—zero );

=> implementation—square—root— function (n ) SOTHER WISE H .

IDE’ tan— fun ction—value(n)

‘~‘(($n$) is— impl ementation—numb er}”

:> tangent—fun c tion—overflow—effect (n ) PIE (~ n~ )

ev al— BO
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resul ts— in—tangent— function—overflow;

=> implementation—tangent—funetion (n) IflTHERWISP H .

SPROC—DE special—logarithm— function—ef’fect(n)

“{($n$) is— implementation—number )”

DREGIN

SCOMPUTE! fatal—error (’non— positive argument to LOG
function ’)

SEND S.

SPROC— DE’ special— square—root—function—result(n)

“{($n$) is—implementation—number)”

#BEGIN

ICOMPUTE! fatal—error (’ne gat ive ar gument to SOB
funct ion ’)

SEND I.

# P R O C — D F  e x p o n e n t i a l — f u n c t i o n — o v e r f l o w — e f f e c t ( n )

“U $ n ~~) i s — i m p l e m e n t a t i o n — n u m b e r ) ”

PB E G IN

SCOMPUTE!
n o n — f a t a l — e x p o n e n t i a l — f u n c t i o n — o v e r f l o w — e r r o r — r e p o r t

DIE’ ex ponential — function—result —s ign (n) #F.OW ‘ + ‘

ITHEN IRETURN—W ITH—VALUE ! implementation — infinity

lIE’ exponential — function— result—s ign (n) SF. QW ‘ — ‘

ITHEN IRETURN—WITH—VAL IJE!
imp leme ntat ion— negative— inflnitv

lEND I.

ev al— 81
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SPROC—IDE’ tangent— function—overflow—effect (n )

“{($n$) is—implementation—number} ”

DREGIN

SCOMPUTE !
non—f’ata]—tangent—funation—overflow—error—report

DIE tangent— function—result— sign (n) IEOW ‘ i ’
ITHEN DRETURN—W ITH—VALUE ! implementation—infinity

# 1F tangent— function—result—s ign (n) #EQW ‘ — ‘

ITHEN DRETURN—WITH—VAL IJE!
im plementation —negative— infinit y

SEND S.

#PROC—DF’ ex ponential— function—underflow—effect(n)

“U$n$ ) is—implementation—number) ”

IBEGIN

SCOM PUTE !
non— fatal— exponent ial— function—underflow — error— report

#RETURN—WI TH—VAL tJE ! implementation— zero

SEND I.

“The following definition of numeric— constant—value utilizes
the same implementation—dependent functions as input for
conversion an d error testing. The BASIC standard does not
state that input convers ion is the same as numeric cons tan t
conversion in programs , but it seems to be a reasonable
assumption .”

IDE’ n u m e r i c— c o r ; t a n t — v a l u e ( n )

“ ( n  SIS < n u m e r i c — r e p )  SU < n u m e r i c — c o n s t a n t >  1”
:> nume ric— constant—overflow— error— effect
(#STRINC—OE’—TERMTNALS—OE (n)) SIP
(~~#STRIPG_OE_TERMTNALS_OF (n)~~)

eval— B2
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resul ts— in—numeric— conversion—overflow;

=) n u m e r i c — c o n s t a n t — u n d e r f i o w — e f f e c t  SIP
( $ # S T R I N G — O F — T E R M r N A L S — O F ( n L ~)
results— in—numeric— conversion—under flow;

:> implementation—numeric—representation
(ISTRING—OE—TERMTNALS—OF (n)) IC)THERWISE’ S.

SPROC— DE’ numeric—constant—overflow—error—effect(s )

“(s HIS #STRTNG &
SCONTEXT— FREE— PARSE—TREE (s ,<numeric— constant>) HIS
#NODE}”

#REr,IN

SCOM RU lE !
non— fa tal—numeric— constant—overflow—error—report

DIE numer ic—constant—overflow—result—sign (s) SEQW ‘ + ‘

ITH EN

IRETURN—WITH—VALUE ! implementation — infinity

DIE numeric— constant— overflow— result— sign(s ) S E 0 ’.4 ‘ — ‘

ITt-lEN

!!RETURN—WITH—VAL IJE ! implementation —negative— infinity

SEND S.

IPROC—DE’ nume ric— constan t—underflow—effect

IBEGIN

SCOMPUTE!
non— fatal—numeric—constant .- .underflow—e rror—report

#RETtiPN—WITH—VALU~’! imo lementation— zero

SEND I.

I DE ’  r e l a t i o n — v a l u e  ( r e l — e x p )

eval— 83 
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“(rel—exp HIS <relat ional— expression> )“

:> s t r i n g— r e l a t i o n — v a l u e  ( r e l — e x p )  PI E’ (~~r e l — e x o t )
is—s tring— relational— expression;

=> numeric—rela tion—value (rel—exp) SIP (~~rel—ex p~ )
is—numeri c—relational—expression S.

IDE’ string—relation—value (rel—exp )

“t ($rel—exp$) is— string—relational—expression) ”

=> apply— string—relation—test (string—value
(operand— i— of (rel—exo)) , rela tion—of (rel—exp) ,
string—value (operand—2—of (rel—exp))) 5.

DOE apply— string— relation— test (opd l , relo p , opd2)

“(opdl HIS ASTRINC & relop HIS <equal ity—relation> &
opd2 SIS SSTRING }”

=> string—e quals—test (opd l ,opd2 ) PIE relop SF .QW ‘:‘ ;

:> string—not— equals—test (opd i , opd2) lIE’ re lop  HE QW
‘< ) ,  S.

IDE s t r i n g— e q u a l s — t e s t  (opd l , o p d 2 )

“( opd l SIS ISTRING & opd2 ITS ISTRING)”

:> opd l IJ E Q W opd2 S.

IDE s t r i n g- n o t — eq u a l s- t e s t  (opd l , op d2 )

“ (opdl SIS ISTRING & opd2 SIS I S T R I N G I ”

~> opdl SNEOW opd2 I.

“COMMENT: The BASIC standard does not specify enou gh
explicitly about the nature of the numeric relationals .
In part icular , it is not stated whether any e r r o r
conditions are associated with the relations. If the
implementation were to use subtraction followed by a
comparison to zero as the basis for defining the

eval— 814
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relations , then the subtraction coul d resul t in
overflow. Since the standard does not explicitly say
that ov erflow can occur , it must be assume d that it
ca flnot and so the imp lementor mus t guar d aga inst an y
errors occurring in numeric relations. ”

IDE ’ numeric—relation—value (rel—exp)

“{($rel—exp$)is—relational—expression}”

:> apply—numeric—relation—test (numeric—value
(operand—i—of (rel—exp)) , relation—of (rel—exp) ,
numeric—value (operand—2—of (rel—exp))) I.

IDE apply—numeric—relation—test (opd i , relop , opd2)

“U $opdl$) is—implementation—number & relop #15
<relation) & ($opd2$) is—implementation—number )”

:> implementation—equals— test (opd l ,opd2) lIE relop
#EQW ‘= ‘ ;

=> im plementation—not—equals—test (opd l , opd2) lIE
relop #EQW ‘<> ‘ ;

:> implementation—less—than—test (opd l , opd2) STE relop
MEOW ‘< ‘ ;

:> im plementation—greater—than—test (opd l , opd2) SIP
relo p SEQW ‘> ‘ ;

:> implementation—not—less—test (opd l , opd2) PIE relop
#EQW ‘>: ‘ ;

:> im plementation—not—greater—test (opdl , opd2) SIP
relop MEQU ‘<= 1.

eval— 85
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“In a n u mb e r  of places in the  sp e c i f i c a t i o n  of BA SIC ,
certain numbers are required to he integers , such as
the TAB function or array bounds. To describe these
things , it is convenient to convert the imolementation
numbers to semanol integers and opera te on these
integers. This can be accomplished in an
i m p l e m e n t a t i o n  independen t  f a s h i o n  by f i r s t  c o n v e r t i ng
the implementation dependent number to a canonical
stan dar d form number and t hen conver ting that to a
SEMANOL integer.”

DDE converted—to— semanol—integer (r)

“{ ($r$) is— implementation—integer }“

:> convert—canon ical—float—to— semanol—integer (($r~~)converted—to—canonical— float) I.

DOF convert—canonical— float—to— semanol—integer(n)

“{($n~ ) is—canonical— float)”

=> significand—part(n ) ICW (~ exrad—part(n)~~) zeros H ,

“Define a conversion function to convert an
implementation —number to a cononical form basic
c o n s t a n t . ”

IDE’ converte d—t o— canonical— float Cr)

“(($r$) is— implement ation—number l”
4

:> ($($r$) converted—to—standard— f’loat$ )
in— canonical— form S.

“In order to define the proper output form of numbers , the
implementor is required to define two parameters , the
imple rnentation—significance —wtdth , also represented as the
let ter d , and the imp lementation — exra d— width , or e. The
s t a n d a r d  does not  seem to r e q u i r e  t h a t  d or e h a v e  a n y
relation to the implementation orecision or range. There is

conv—~~
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a requirement that d must be at least 6 ari d e must be at
least 2. The resolved ques t ions  on page  35 are  not part of
the standard. It contains the only guideline for choosing d
and e. The s t a t e m e n t  t h e r e  is t h a t  the  i m p l e m e n t o r  may
choose d an d e to a l low out pu t of a l l  n u m e r i c
representations in the range of the implementation.

For the  purpose  of d e t e r m i n i n g  the  o u t p u t  f o r m a t  for  a
given number , the class of possible numbers is divided into
four classes.

a. integers whose magnitude is in
the r a n g e  0 to (b u t  not  i n c l u d i n g)  10 d .

b . non—i ntegers whose magnitude is in the range
0.1 — O.5*10~ (_d_ 1) to (but not including )
1O~ d — 0.5

c. Num bers less than 0.1 — 0.5’1O~~(—d— 1) which can
be represented exactly in d decimal digits.

d . all other numbers.
Thi s  c l a s s i f i c a t i o n  is d e r i v e d  f rom page  33 , l i ne s  1

thru 30. The possible formats are  d e f i n e d  on page 13, lines
12 thru 15. Class a numbers are output using the so—called
MR 1 format. Class b use NR2. Class c also uses MR2 format
by v i r t u e  of the  f ac t  t h a t  a l l  i t s  members can be exactly
r e p r e s e n t e d  in the  N R 2  f o r m .  Note  t h a t  for n o n — d e c i m a l
implementations , numbers which are potent ialy in class c
must be converted to decimal representation on a trial
basis. Class d uses NR3 format.

The class b limits require some interpretation. We
take it t h a t  the intent of class b is to describe those
implementation numbers in the range of 0.1 upto 10~ d . The
s u b t r a c t i v e  f a c t o r s  of one h a l f  and  one h a l f  t i m e s  10~~( — d — i )
would seem to r e p r e s e n t  the  idea t h a t  the  n u m b e r s  to be
included are those which can be rounded in the d+1 th
significant digit to produce a number in the range 0.1 to
10~ d with d or fewer significant digits.

The function to convert a number to output format is
implementation independent. This is possible because the
implementation number to be output is first converted to a
BASIC constant. This BASIC constant can then he transformed
to the appropriate output form using the standard
arithmetic. Note that the following function converts the
implementation number to a canonical basic constant.
Subsequent functions are defined to operate on canonical
numeric constants to simplify the definition. ”

~~~~ num eric— outpu t— repres entati on(n )

“( (Sn~~) is— imple m entatio n— number )”

conv— ~ 7
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:> canon ical—number—output—representati on ((~ n~~)conver ted—to—canonical— float) S.

DDE canon ical—number—output—representation (n)

“(($n$) is—canonical—float)”

:> ($n$) in—output—class—a— format DIE (~ n$)is— in—output— class—a;

=> ($(~ n*) rounded— for— significance—width—outputt)
in—out put—class—h—format SIF (~ n$)4 is— in—output— class—b ;

:> ($n$) in—output— class—c— format h F  ($n$)
is—in—ou tput—class—c;

:> ($n$) in—output—class—d— format #OTHERWISE S.

ODE output—sign—strtng(n)

“( ($n~ ) is—canonical— float 1”
=> ‘ — ‘ DIE significand—part (n) < 0;

:> ISPACE SOTHERWISE S.

“Class a num bers are integers with magnitudes between 0
and 1O~ d .  They are  o u t p u t  as s d d . . . d d  ( N R 1  f o r m a t ) ”

SDF is— in—output— class—a (n)

“( (~ n$) is—canonical— float } “

:> STRUE lIFE (~ n~ ) is— canonical— integer &standard—abs (n) , out put— class— a—rnaxirnum %)
is—stan dard— less— than H .

IDE’ in— output— class—a— format(n)

“( ($n$) is— canonical— float & (~ n$)is— in— output— class—a }“

conv— 88 
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:> output—sign— string(n ) IICW #ABS (signifieand—part(n))
#CW ($exrad—part(n)S) zeros HCW ISPACE S.

“Class b numbers are non—integers with magnitudes between
(approximately) 0. 1 and 10~d. They are output as
sdd...d.dd...d (NR2 format)”

DDE is— in—output— class—b(n)

“( ($n$) is—canonical— float 1”
:) STRUE MIFF’ (Sstandard—abs(n) ,

output— class—b—max imum*) is— standard— less—than &
ONOT ($standard—abs(n) , output— class—b—min imum~ )i s — s t a n d a r d — l e s s — t h a n  S .

“Class b rounding uses the p—t h— dig it rounding function
defined for canonical— form numbers. The rounding takes
place in the dth digit of the significand of the number. ”

IDE’ roun ded— for— significance—width—output (n )

“U$n$) is—canonical— float)”

=> ( Sn  , “ a n d — a — p — o f ”
implementation— significance—width S )
rounded— to—p—digits S.

DDE in— output— class—b— format (n)

“( (Sn$) is— canonical— float & (Sn$)
is—in— output— class—b & ILENGTH(significand—part(n)) <~i m p l e m e n t a t i o n — s i g n i f i c a n c e — w i d t h  }“

:> output— sign— string (n) #CW class—b— significand
(#ABS (significand—part(n) ) ,“with—respect—to ”
exrad—part (n )) #CW HSPACE S.

IDE class— b—si gnificand (s ,e)

“{($construct—float(s ,e)~~) is— canonical— float & s > 0 &
($construct—f’loat (s ,e)t) is—in— output— class— h ~

con v— 89 
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#LENGTH (s) <: implementation— significance—width) ”

=> s ~CW ($e$) zeros #CW ‘ . ‘ DIE’ e >= 0;

=> (SLEET (SLENGTH(s) + e) ICHARACTE PS—OF s) SCW ‘ . ‘

#CW (PRIGHT (SNEG e) IICHARACTER S—OE s) DIE
ILENGTH (s) >= #NEG e;

:> ‘ . ‘ PCW significand—part(s) SOTHERWISE S.

“Class c num bers are numbers less than 0.1 that are
exactly representable in d digits. They are output as
s.dd. ..d (NR2 format)”

IDE is— in— output—class— c(n)

“(($n$) is—canonical— float )”

=> #TR L J E SIF ’ F ($standard—abs(n) ,
output— class—c—maximum S ) is— standard— less—than &
($n$) is—exactly—representable— for—class—c I.

D D E i s— e x a c t ly — r e p r e s e n t a b l e— f o r — c l a s s — c ( n )

“U$n$) is—canonical— float &
(Sstandard—abs (n) ,implementation—oneS)
is — s t a n d a r d  — less — than ) ”
:> STRUE 11FF’ SNEG exrad—part (n) <:

implementation — significance—width H.

IDE’ in— out put— class— c— format(n )

“(($n~~) is—canonical— float & (,~ fl4 )

is— in—output— class—c)”

:> output— sign— string(n) #C’4 ‘ . ‘ DCW (51MPG
exra d—part(n) — DLEM~”H (SABS(significand—nart(n )))5)
zeros •CIT •ABS(s ignificand—part (n)) #C’4 ISPACE’ S~

“All other numbers fall into class d . The standard
specifies a particular form of the NR 3 format for this
output class. It clearly states that the trailing zeros in
the significand are not omitted , but it does not state

conv—9 0 
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whether leading zeros in the exrad may be included . This
definition assumes that leading zeros are always suppressed
in the exrad . The class d numbers are output as
sdd...d.dd.. .ddEsee (NR3 format)”

DDE’ in—out put—c lass— d— f’orma t (n )

“(($n$) is—canonical— float)”

:> output— sign— string(n ) #CW class—d— significan d
(SABS(significand—part(n))) #CW ‘F’ #CW
c l a s s — d — e x r a d  ( e x r a d — p a r t ( n )  , “ w i t h — r e sp e c t — t o ”
#ABS(significand—part (n))) HCW ISPACE S.

ODE’ class— d— significand (s)

“Is hIS SINTFGER & s >: 0)”

:> first—c haracter—in (s) ~CW ‘ . ‘ #CW
all— but— first—character—in (s) SCW
($implementation—significance—width — SLF”GTH(s)~~)
zeros DIE SLENGTH (s) <
implementation— significance—width;

~) f i r s t — c h a r a c t e r — i n ( s )  #CW ‘ . ‘ #CW (IL~’E’T
(implementation— significance—width — 1)
SCHARACT E2RS—OE all—but— first— character— in(s~ )SOT HERWISE I.

DDE class— d—exrad(e ,“with—respect—to ” s)

“Ic HIS DINTEGER & s #15 #TPTTEGER & s >: 0)”

~> exrad—ou tput— sign(e ÷ S L E NO T H (s )  — 1) SCW (5e +
SLENGTH (s) — 1$) with—leading— zeroes— suppressed I.

#DF ’ exrad—output— sign(e )

“(e ITS ~INTEGER )”

:> ‘ — ‘ DIE e < 0;

:> ‘+ ‘ IOTHFR’4ISF S .,

conv— Q 1
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“The standard specifies the output classes in terms of
• two parameters , implementation—s ignificance—width and

the irnplementation— exrad—width . The latter width is
defined in the standard but  is never used. The
standard uses the widths to define some maxima and
minima for the various classes.”

• “The class a maximum must be lEd. ”

DDE’ out put— class—a—max imum

:) construct—float
C l , implementation— significance—width) S.

“The class b maximum must be lEd — 5E— 1. ”

IDE output— class—h—maximum

:> construct—float
(($irnplementation—signiuicance—width$) nines SCW
‘5’ , — 1) 1.

“The class b minimum must be 1E _ 1 —

DDE’ output— class-b—minimum

~> construct—float
((Simn lementation— signifie ance—width -t ) nines ~CW
‘5 ’ , SNEG implementation — significance —width — 2) 1.

“The class c maximum must be the same as the class b
min imum. ”

IDE’ output— class— c—maximum

:> output— class— h—m inimum S .

DDE’ nines (n)

“In HIS SIMTE~’P’R SAND n >~ 0~ ”

conv—9 2
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=) ‘9999909999’ #CW ($n — 10$) nines #IF n > 10;

:> #LEFT n ffCHARACTERS —OF ‘9999999999’ #OTHERWTSE # .

/

conv— 93
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“A standard arithmetic is defined as a standard of
comparison for the implementation dependent arithmetic.
The standard arithmetic was defined to operate on BASIC
numeri c—constants (see the CONTEXT— FREE— SYNTAX
section). Defining arithmetic on the full range of
BASIC numer ic—constants is difficult. Therefore , a two
step approach is used . In the first step( performed by
the DF in—canonical— form ), an arbitrar y BA SIC
nu meric—constant is transformed into another PASIC
constan t of a special form. The arithmetic operators
then calculate their results from numbers in this
canon ical form. An examination of the standard—add DF
shows how this two step process works in detail. The
canon ical form of BASIC numeric—constants are defined
by the follow ing grammar an d equivalentl y by the DF
is—canonical—float.

DDE canon ical—numeric— constant
:> <DNILSET #U

<‘ — ‘ >><standard— significand>< ‘F’>
<DNIL SET #U < ‘— ‘>>(stan dard— exrad> # .

DDE standard—significand

~> lt ,<,0,>
:> <~~<# DIG IT>><#DICIT #5— < ‘0 ’ > >  # .

DDE standard—exrad
=> ~ 1<#DIGIT> #.

The value of the canonical constant aEb is
~ 10 b .”

#DF is—standard—float (n)

“(n #IS #STRING}”

:> #TRUE #IFF n #IS <numeric—constant) #.

#DF ls—canonical— floa t (r)

“(r #IS <numeric— constant> 1”
:> #TRUE DIFF signlficand—part (r) D1S #I’ITEGER &

exra d—part(r) #IS #INTECER P (last—character—in
(significand—part(r)) DNEOW ‘0’ #OR
significand—part(r) 0) #.

“Conver ting an arbitrary BASIC constant into canonical form

float— 914
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involves four sub— steps. These steps are tested and applied
one at a time . The steps are:

1. Append a ‘p0’ to the constant if it does not
already have an exrad .

4 2. Remove any leadinc~ plus signs in the exra d or
significand.

3. Remove the decimal point from the signiftcand .
This may require adjusting the exrad to leave
the value of the constant unchanged .

4. Remove any trailin g zeros in the significand .
Again , adjustment of the exrad m a y
be necessary. ”

DDE in— canonical— form(r)

“ft DIS <num eric—constant> }“

=> ($(~ r.$) with— exrad— appended ~~) in—canonical— form DIE
exra d—part(r) DIS #tJNDFFINED

:> ($(~ significand—part(r) , exrad—part (r) t )
with—leading—plus— signs—removed~~) in—canonical— formPIE first— character—i n (significand—part(r )) #EC’4
‘+ ‘ DOR first— character— in (exrad—part (r)) #F0’4 ‘+ ‘;

:> ~~~~ significand—part(r) , exrad—part(r) ~)with— decimal—po 1nt— removed~~) in— canonical— form ~‘I~
‘.‘ ~IS I/SU~ W O RD significand—part (r);

~> ($ signif icarid—part(r) , exrad—part (r) ~)with—t railin g— zeros— removed DIE significand—part (r)
PN~ ‘0’  ~ last—c haracter—i n (slgnificand—part(r))
#EQ’4 ‘0 ’ ;

:> r #OTHER WISE P.

DDE with— exrad— appended (r)

“ft DIS <numer ic—constant> & exrad—part(r) #15
DUNDEF INED)”

=> r # CW ‘ FO ’  D .

DDE with— leading—plus— signs— removed(m e)

float—95
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“(rn DIS significand & e DIS exrad &
first—character—jn (m ) #!0~l ‘+‘ DOR
firs t—character—jn (e) DEOW ‘+ ‘} “

=> construct—float( all—but— first— character— in(rn ),
all— but—uirst—character—in (e)) DIE
fir~ t—character— in (rn) #EQW ‘+‘ &
first—character—in (e) PEOW ‘+ ‘ ;

=> construct—float( all—but— first—character—in (rn), e)
DIE first—character—jn(m) DEOW ‘+ ‘ ;

> construct-.float(m , all— but— first—character—in(e))
DOTHERWISE #.

DDE all—but— first— character—in (s)

“{s DIS #STRING ‘~ •LENGTH (s) >: 1)”

:> DRIGHT #LENGTH(s) — 1 #CHARACTERS—OF s D~

DDE with—decimal—point—removed (m ,e)

“(rn DIS significand & e #13 exrad & ‘.‘ DIS #SUBWORD m
& e DIS DINTEGER }”

:> construct—floa t ((#PREEIX—OF—FIRST ‘,‘ PIN m) #CW
(#SUEFIX—OF—FIRST ‘ .‘ DIN m), e — #LFNGTH
(#SUFFIX—OF—FIRST ‘ .‘ DIN m)) P.

#DF with—trailing— zeros—removed(m ,e)

“(rn #13 significand & e DIS exrad & last—character—in
(m) DEQW ‘0’ & ‘n DIS DINTEGER & m DN: 0 & e *~ 3
DINTEGER )”

:) construct—float (($rnm~) without—trailin g— zeros , e +

PLEPIGTH(m ) — #LEMGTH((~ m~ ) without—trailing— zeros))a .

DDE wi thout—traillng— zeros (n)

“tn DIS DINTEGF.R ~ n DN: 0 & last— character— in (n ) #FQ’4
‘0’)”

float—9 6



— _ _ _  - -- —
~
--—— ~~~~~~~~~~~~

01/2~ /77Specification of BASIC SFt’ANOL Project
Seman tic Defini tions Floatin g Point

:> DLEFT index—of— last—non— zero— jn(n) #CHARACTERS—OF

DDE index—of—last—non— zero— ln (n)

n DIS DINTEGER & n IN: 0 & last—character—in(n ) DEOW
‘0’  ) “

=> PLAST i : 1 <= I <= DLENGTH (n) #S!J’~H—THAT (i
DTH— CHA RACTER— IN n DNEQW ‘0’) I.

“Define the selector and constructor functions for floating
point constants.”

DDE significand—part(r )

r #15 <numeric—constant) ) “

=> DPREFIX—OF— FIRST ‘E’ PIN r P.

DDE exrad—part(r)

“(r #13 <numeric—constant> }“

:> #SUFFI~ —OF—FIRST ‘E’ DIN r *7.

DDE construct— float(m ,e)

“ (rn #15 significand & e PIS exrad )”

:> m #CW ‘F’ DCW e I.

“Define a predicate on the canonical form numbers which
is true 1FF the number represents an integer . Since a
canon ical integer has a sign ificand wh ich has it s radi x
point at the right , a canon ical number will be an
integer 1FF its exrad is non—negative. ”

DDE is— canonical— integer (n)

“{ ($n$) is—canonical— float)”

float—97 
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:> #TRtJ E DIFF exrad—part(n) >: 0 P.

“Define a rounding function on canonical form numbers.
The rounding takes place on the pth digit of the
significand of the number(possibly extended with zeros
to at least p digits). The result is a canonical
number with p or fewer digits in the significand .”

DDE rounded—to—p—digits (n ,p)

“{(~ n$) is—canonical— float & p DIS DINTEGER & p > 0)”

~> ($($canonical—add(n , roun ding— factor— for(n ,p)), p$)
trunca ted— after— the—p— th— diglt$) in—canonical— form
*7 .

DDE roundlng— factor— for(n ,p)

“(($n~~) is—canonical— float & p PIS DINTEGER & p > 0)”

:> construct—float (sign—string (significand—part(n))
#CW 5, exrad—part(n) +

#LENGTH (#ABS(significand—part(n) )) — p — 1) 1.

DDE truncated—after— the—p— th— digit(n ,p)

“(($n$) is—canonical— float & p PIS *IINTEGER & p > 0)”

:> n DIE #LENGTH(#ABS(significand—part(n))) <= p;

:> precision—limited (significand—part(n) ,
exrad—part(n) , p) DOTHERWISE P.

“Defin e two elementary numeric functions on floating point
num bers, SIGN and ABS functions. ”

DDE standard— sign(r)

“(r DIS <numeric— constant > }“

~> canon ical— sign ((~krt.) in— canonical— form) ‘.

float—98
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DDE canon ical—sign(r)

“((~~r~~) is—canonical— float)”

:> #SIGM (significand—z,art (r)) P.

DDE standard—abs (r)

“( r #13 <numeric—constant> }“

:> canon ical—abs (($r$) in— canonical— form) P.

DDE canonjca].—abs (r)

“(($r$) is—canonical—float)”

:) construct—float (#ABS(significand—part(r)) ,
exrad—part(r)) P .

“Floating point addition is defined , if the exrads are
eq ual , as the canonical result of adding the
significands to get the result significand and using
the common exrad .

If the two exra ds are unequal , the number with the
lar ger exra d is ali gned to the smaller exr ad an d then
added as described. ”

DDE standard—a dd(rx ,ry)

“ -(rx PIS <numeric—constant> & ry PIS <numeric— constant>

:> canonical—a dd ((~ rx~ ) in— canonical— form , (~ ry$)
in— canonical— form ) P .

DDE canonical— add(rx ,ry)

“( ($rx$) is— canonical— float & (~~ry$)is— canonical— float 1”
:> ($construct—float (significand—part(rx ) +

signtficand—part(ry) , exrad—part(rx))~~)
in— canonical— form ~IF exrad— oart(rx)

floa t—99
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exrad—part(ry) ;

:> canon ical—add (canonical—allgn(rx ,“to”
exrad—part(ry)) ,,“+“ ry ) DIE exrad—part(rx) >
exrad—part(ry);

=) canon ical— add(rx ,“+“ canoni cal—align(ry ,“to”
exrad—part(rx) )) #OTf~LRWISE *7.

“Floatin g point alignment is defined as multiplying the
significand by 10 and decreasing the exrad by 1 until some
desired exrad value is reached .”

#DF canonic al— align(r ,“to” e)

“Er DIS <numer ic—constant> & e PIS #INTEC ER ~ ~ <
cx r ad—part C r ) )

:> construct— float (significand—part(r) #CW
($exrad—part(r) — e$)zeros ,“and exrad” e) P.

DDE zeros (n)

“(n DIS DINTEGER & n >: 0)”

:> #LEFT n #CHARACT ERS—OF ‘0000000000’ DIV n <: 10;

:> ‘0000000000 ’ #CW (~ n — 10~ ) zeros #OT’-~VRWISE P.

“Floating point negation is defined in the obvious
way.”

DDE standard—negate (rx)

“ (rx DIS <numeric—constant> 1”

:> construct— float (PMEG significand—part ((~ rx~~)
in—canon ical— form) , exrad—part( ($rx~~)
in—canonical— form)) *7.

“Float ing point subtraction is defined in terms of negation
and addition .”

float— iflO
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PDE standard— subtract(rx ,“— “ ry)

“ (rx #13 <numeric— constant> & ry D I S  <numeric— constant>

=> canonical—add ( (~ rx~~) in— canonical— form ,
standard—negate(ry)) P .

“floating point multinly is defined as the canonical result
of adding the two exrads to get the exrad of the result and
multiplying the two signif icands to get the significan d of
the result. ”

/IDF standard—mu ltiply(rx ,ry)

“{rx PIS <numeric — constant> ~ ry #IS <numeric — constant>
} I,

~> canonical—mu ltiply( ($rx ~~) in— canonical— form , (~ ry~ ’~
in— canonical— form) P.

DDE canonical—mu ltiply(rx ,ry)

“ (($rx~~)is—canonical— float & (.~ry~ )is— canonical— float)”

=> (m 1lconstruct— float (signir icand—part(rx) *

sigriificand—part(ry) , exrad—o art (rx) +
exrad—part(ry))~~) in— canonical — form -‘l •

“Floating point division is the most complex of the floating
point operations. Leaving aside some detail , the divis Ion
result is the canonical result of dividin g the dividend
significand by the divisor sipnific and to get t)e result
sigriifica nd and subtractin g the divisor exrad from the
dividend exrad to get the result exrad . Division by zero
will result in # t J N D E F T N F r )  being returned . The extra
comolication with division is the desire to specify the
precision of the result. As an example suppose 1 is divi ded
by 3 to a precision of 2 significant di~~its . The result
should be 33E—2. To do this , the significand is multiplied
by 10 (p— 1+dl ) where p is the desired nreci slon ~nd dl is
the length of the magnitude of’ the divisor. “he exrad is

float— i fli
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changed to e — p + 1 — dl . This shifting is to guarantee
that the result of the division will have at least p digits.
The division is performed and the result is then realigned
to have exactly p digits of precision. Then that result is
canonicalized .”

#DF standard— divide (rdividend ,rdivisor ,precjsion)

“{rdivide nd DIS <numeric— constant> & rdivizor #15
<numer ic—constant> & precision PIS PINTEGER & precision
> 01”

=> canonical—divide( (t rdividend fl in—canonical—form ,
($rdivisor ~ ) in—canonical — form , precision ) P.

DDE canonica l— divide (rdividend ,rdivisor ,precision)

“((~~rdividend~~) is—canonical— float & (~~rdivisorflis— canonical— float & precision u S  ?FINTEGER & precision
> 0)”

:> DJJNDEF INED DIE significand—part(rdivi sor) = 0;

> (.~precision—limited ((significand—part (rdividend )
#CW (~~precision — 1 +

divisor—lertgth (rdivisor) .t)zeros) /
signiuicand—part(rdiv isor) , exrad—part (rdividend ) -.
precision + 1 — divisor— length (rdivisor ) —
exrad—part(rdivisor ) ,“limited to” precision)$)
in— canonical— form #0Tf~ERWIS~ *7 .

DDE divisor— length(r )

“((.~r$) ia—canonical—float )” 
—

:> #LE~!GTH (DABS (significand—part (r ))) P.

“precision — limited constructs a non— canonical floating
point number- whose significand has a specified
prec is ion f rom ano the r  nu mb er ( r e p r e sen te d by m an d e)
with a larger precision . This is done using truncation
and not roundin g .”

DDE precislon— limited (rr ,e ,“llm ited to” precision )

float— 1fl2

j
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Floating Point

“Em DIS #INTEG~ R !. e DIS UINTF .GER & p DIS DINTEGEP ~ p> 0 & ffLE~ GTH(PABS(m )) )= p}”

=> construct— float (sign— string(m) $CW (#L~ FT orecision#CHA RACTER S— OF #ABS(m) ) ,“and exrad” e +
DLE~IGTH(#ABS(m) ) — precision) *7.

“The sign string of’ a number is the string representin g its
sign . The sign string of’ a negative number is ‘ — ‘ , zero or
positive has a ‘tNIL sign string ”

flDF sign— string (r)

“Er DIS <numeric— constant> }“

~> 
‘ — ‘ #IF first— character— in (r) *7EQW ‘— ‘ ;

=> PNIL /IOTHERWISE *7.

“C0MT’~ENT: A partial set of’ relational operators is
defined on floating point numbers. ”

DDE is— standard—ze ro (n )

“( n DIS <numeric—constant> 1”

> #TRUE DIFF significand—part( (tnfl
in— canoni cal— form) = 0 *7 .

DDE Is— stardard—negative(n )

“En DIS <numeric—constant > )“

:> IPTRUE #I~’F significand- .part ( ( n’s)
in— canonical—form ) < 0 II.

“The positive test does not include zero.”

DDF’ is— standard—po sitive(n)

float— 103 = = 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~ a~ 5 <numeric— constant> ~
“

> DTRU~ PIFF s ign i f icand— par t(  (
~~n~~

)
in— canonica l — form ) > 0 fr .

DDE a re — s tanda r d—equa l (a ,b)

a 4 1S <numer ic— constant > & b DIS <numer ic— constant >

=> PIRUE DIFF ($ sta nda rd— s u bt rac t (a ,b) ~
)

is— standard— zero *7 .

DDE i s—s t an da rd—les s—t han (a  ,“<“ b)

a $13 <numeric— constant> & b •*7IS <numer ic—constant>
} “

=> #TRUE DIFF (~~sta nda rd— s uht rac t (a ,b)$)
is—standard—negat ive  *7 .

DDE is— st and a rd — g rea te r — t han (a  ,“)“ h)

a DIS <numer ic—c onstant> & b DIS <numer ic—constant>
) “

=> #TRUE 01FF (~~standard—subtract (a ,h)~~)
is—standard —positive ~~.

rlo at_ 1O fl

I
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DDE is— stririg— expression (exp )

“( exp DIS <expression) }“

=> DTRUE PIPE exp #IS PCASE 1 POE <expression> P.

DDE string—expre ssion—of (exp)

“(  (~ exp$)is—string—expression }“

:) PSEG 1 DOE exp P.

DDE is—numeric—expression(exp)

“( ~xp #13 <expression> 1”

~> #TR IJ E DIVE exp PuS #CASE 2 POE <expression ) P .

ODE numeric—expression—of(exp)

“ f  C~ ex pt) is—numeric—expression ~0R
ex p 41S <tab—call>)”

:> PSEG 1 DOE ex p PIE ($exp ~ ) is—numeric— expression

:> PSEG 5 POE ex p PIE exp DIS <tab— call> P.

ODE is— string—variable(exp)

“ C  ex p PIS <string—expression> }“

:> PT RUE DIV E exp  PuS PCA S E 1 POE <s t r i ng—exp ress ion>
P .

4D~ string—variah le— of (exp )

“ C  (~ exp~ )is— strin g— variab le )“

:> PSEG 1 DOE exp P .

select— lOS 

-~~~~~~~~~~~~-~~~~~--~~
- . .

~~~~~~~~~ .------ ~~~~~~~~~
-. --- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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— DDE i s— st r i ng—cons ta nt (ex p)

“C exp DIS <st r ing— exoress ion> }“

:> i7TRUE PIPE exp PIS DC&S P 2 POE <st r ing—express ion>
P.

#DF strin g—constant—of (exp)

“C ($exp$)is—string—constant }“

=> PSEG 1 DOE ex p P.

DDE ope rand — 1—of (x )

“ C  x #IS <ex pression> PU <numeric—expression> PU
<positive—expression> PU <negation> PU <sum> PU
<difference> PU <term> PU <product> PtJ <quotient> PU
<factor> flU <involu tion> PU <relational—expression> POR
($x$)is—parenthetical 1”
:> PSEG 3 POP x DIV x #IS <positive—expression> PU

<negation> POR (~ x$)is—parenthetical;

=> #SEG 1 #O~
’ x DOTHERWISE P.

DDE is—parenthetical(exp)

“C  (~ ex pflis—numeric— subnode )“

=> #TRUE PuFF exp S7IS DCASE LI DOE <primary> P.

DDF operand—2—of (x)

“ C  x #15 <sum> PU <difference> PU <product> PU
<quotient> PU <involution ) ~tI <relational—expression>

=> PSEG 5 #O~
’ x P.

#DF is— numer ic—def i ned—funct ion— ref ( ref )

“tref tPIS <nume ric— function— ref>}”

select—106 

-- -
~~~~~~~

.
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=> #TRUE DIVE ref PIS DCASE 1 POE
<numer ic— f unctj o n—ref>  M •

DDE numer ic— def ined- func t ion—ref -o f ( re f )

“ ( ($ r e f $ )  i s—numer ic—de f ined—f unc t ion— re f ) ”

> PSEG 1 DOE re f P.

DDE nu rne r ic—s upp l ied— func t i on— ref —o f ( r e f )

“ (($ref~ ) is—nu ’neric— supplied— function— ref )”

=> PSEG 1 DOE re f  P .

DDE numer ic— def i ned—funct ion— na me—o f (dre f )

“ (d re f  PIS <numeric—def ined—funct ion—re t ’ >)”

=> PSEG 1 flOE dref  U .

DDE has—an—a rgurnent(ref)

“ ( re f  PIS <numer ic— def i ned—funct ion—ref >  PU
<numer ic— s u p pl ied—func t i on—re f >} ”

=> D TRUE 111FF ref #IS PCASE 2 DOE
<numer i c—def ined—f unc t ion—ref >  POR ref PIS
<numeric—su ppl ied—fu nct ion—ret ’> PAND ref  *7 15— NOT
IICASE 7 DOE <numer ic— suppl ied—funct ion—ret ’ )  P.

DDE argument—expression— of (ref )

“ (ref PIS <numeric— defined— function— ret ’> Dli
<num er ic— supp lied— function—ref> 3”

=) PSEG 1 #OF\ (PSEG 3 POE ( PSE G ~ PDC ret’)) P .

ODE def— statement— expression— of (def)

“Edef PIS ‘lef— statement )”

s e l pc t— 1 07  

--- --- ~~~~~~ —- - —
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:> PSEG 7 POF’ def DIV def PIS #CASE 1 POE
<def—statement>

:> PSEG 9 POE def POTHERWISE i7.

#DF def—statement—parameter—of(def)

“C  (Sdef$)is—def—statement—with—parameterl”

:> PSEG 3 POP (PSEr, 5 DOE def) P.

DDE is—def— statement—with—parameter(def)

“{ def PIS DNODE)”

:> PTRUE DIFF def PIS #CASE 2 DOE <def—state’nent> P.

DDE def—statement— name—o f (def )

“C def PIS <del—statement> 1”

=> PSEG 3 POE det’ P.

DDV is—abs— f unct ion— ref (s ref ’ )

“(sref #15 <numeric— supplied— function—ret>)”

:> PTRUE PuFF s ref  PIS PCAS E 1 POc’
<numeric—supp lied—funct ion—ref > P.

POP j s— atn— fun ct io n—re f (s ref )

“ Es re f  #15 <numer ic—su pplied—funct ion— ref>l”

~> #TRUE PIPE sref #IS $CASF 2 POE
<numeric—s upp l ied—funct i o n—ref> 4.

DDE is—c os— f unc t ion— ref (s re f )

“(sref #15 <numeric— supplied— function—ret ’> )”

se lec t — lO S
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=> #TRUE DIVE sref PIS $CASE 3 POF
<nunieric— su pplied— function— ref> P.

DDE is—ex p— function—ref(sref)

“Esref #IS <numeric— su pplied—function—ref)}”

=> #TRUE #1EV sret’ PIS #CASE ~i POE
<numer ic— supplied— function—ref> P.

DDE is—int— function—ref (sref)

“ (sref PuS <numer ic—supplied— function—ret>)”

:> PTRUE 111FF sref PIS #CASE 5 DOE
<numeric— su pplied— function—ref> P.

DDE is—lo g—function—ref (sref)

“Esref #15 <numeric— su pplied—function—ref> )”

:> DTRUE #IFF sre f PIS #CASE ~ POE
<numeric— su pplied— function—ret’> II.

DDE is—rn d— function—ret’ (sret’)

“Esr ef PIS <numeric— supplied— function— ref>}”

=> #TRUE DIVE sref #15 DCA SE 7 POE
<numer ic— supplied— function— ref> P.

IDE is—sgn— function—ref(sref)

“Esref #15 <numeric— supplied— function— ret ’> )”

:> #TRUE DIVE sref ~IS PCAS E ~ DOE
<numer ic— supplied— function— ref’> P.

DDE is— sin— fun ction—ref (sref)

“(sref $13 (numeric— supplied— functton—ref> )”

selec t— 109

A
~~~~~~~
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:> ITRUE 11FF sref  #15 # CASE 9 POF
<numeric— su pplied— function—ref> P.

PDF i s—s qr— fun c t ion— re f (s re f )

“Esref PIS <numer ic—supplied— function—ref> )”

:> #TRtJE 11FF sref PIS PCASE 10 POP
<nume ric—supplied— function—ref> P.

j PDF is—tan—function—ref (sref)

“Esref DIS <nu rneric— supplied— function—ref>)”

=> #TRUE PIPE sref PIS #CASE 11 DOE
<numeric—su pplied— functiort—ref> P.

#DF nameable—part—of (node)

“( node PIS <variable> PU <control—variable ) PU
<string—variable> PU <numeric—variable> Dli
<sim ple—numeric—variable> PU <numeric—array—element> )”

=> node DIV node 115 <string—variable> PU
<simple—numeric— var iable) PU (numeric—array—element>

> PSEG 1 DOE node fIlE node illS <numeric— variable>

=> nameable—part—of (ISEG 1 POP node) DIV node $15
<control—varia ble> PU <variable> *7.

DDE numer ic—array—name—of (node)

“ C  node *715 <numeric—array— element> flU
<array— declaration> 1”

=> PSEG 1 DOE node P .

DDE subscript—part—of (node)

“ C  node PIS <numeric—array— element> )“

select—i 10

~~— ---- -- -. ..-
~~~~~~~~~

-.- -
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:> PSEG 3 ~~~ node .

ODE bounds— part—of (node)

“( node illS <array— declaration> 1”

j => #~ VG 5 PO~’ node P .

DDE first— dimen sion—hound—of (h )

“ (  b #15 <bounds> }“

:> USEC 1 POE b *7 .

• ODE has—one—dim ension(b)

“ (  b *715 <bounds> *7 ’ !  <subscr ip t>  } “

:> OTRUE DIVE b fiTS ~CA SE 1 DOE <bounds> POP b fiTS
DCASE 1 POc’ <su bscript> 11.

ODE second—dirnension—hound—o f(h )

“ {  (ThU has—two— dimension s } “

=> PS~ G 5 POE b P .

DDE has—t wo— dirnensions(b)

“ C  b ~IS <bounds> flU <subscript> ~~
“

=> DIRUF / / I~’F b PIS PC A S E  2 DOE (bounds> MOO b *715
#CAS~ 

2 DOE <subscript ) P.

tiDE first—d imension—of(s )

“ C  s 013 <s u b s c r i rt >  }“

:> “SEC 3 D C’~’ ~ *7 ,

IPF secon d—dimension—of (s)

Se lect— i l l

I
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“C ($s$) has—two—dimensions )“

~> #SEG 7 # O E s l .

IDE opt ion—base—of (opt )

“1 opt PIS <option—statement> 1”

~> PSEG 3 DOE opt P.

PDV relat ion—of ( re l—ex o )

“(rel—exp DIS <relational— expression> 1”

=> DSEG 3 PO~ rel—ex p P.

DDE is—numer ic—relational—expression (rel—exp)

• “(rel—exp PIS <relational—expression> 1”

:> ITRUE DIVE rel— exp DIS “CASE 1 POE
<relat ional—expression> P.

DDE is—string—relational—expression (rel—exp)

“(rel—exp #IS (relational—expression> }“

:) PTRUE 11FF rel— exp P13 PCASE 2 IIOF
<relational—ex pression> 1.

~1

IDE re la t iona l—express ion—of  (stmt)

“(stmt #15 <if—then— statement> 1”

:> PSEG 3 DOE strnt P.

DDE line—num ber—part— of (in )

“ (in PIS < line> )“

:> ISEG 1 DOE in U .

select— i 12
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IIDE destinat ion— line—number— of (stmt)

“(strn t illS <~ oto—statement> PU <~ osuh—statement) P’I< i f—then —s ta te m en t >  } “

:) la s t— s e g— o f  (s tm t )  P.

DDE index— expression —of (stmt)

‘( s tmt  1113 <o n— goto—s ta te ’ nen t >  } “

~> OSEG 3 DOE stmt P.

DDE la s t—seq —of  ( n x )

“{#SEG—COUNT ( n x )  > C) 1”

:) USEC (PSEG—CO UNT ( n x ) )  POE nx P.

DDE i s— n o n— e x e c u t a b l e ( s t mt )

“ (s tmt  OEO cu r ren t—s t a te men t ) ”

:> IITRUE DIV E strn t #15 <data—s tatement>
O!J <cl e f— s t a t e me n t >
PU <dimension— statem ent>
PJ J <option—s tatement>
#? J <r andomize—s ta temen t >
PU <remark— statement> P.

DDE i s — s i m p le— c o n t r o l— s t a t e m e n t ( s t mt )

“(stmt / !EQ current—st atement )”

=> IITRUE 171FF stmt. “IS <~ oto— statement>
PU <if— then— stateme nt>
PU <on— goto— statement>
I /U  <re tu rn—sta tement>  P .

IIDF cor~trol—v ariable— jn( stmt )

select— 11 3
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“ (stmt DIS <for—statement) Dli <next— statement> )“

=> ISEG 3 DOE stmt P.

#DV initia l— value— part—of—for (stmt)

“(stmt PIS <for— statement> 1”

:> ISEG 1 ~OF (PSEG 7 DOE’ stmt ) *7

DDE iimit—part—of—for (stmt)

“ (stmt PIS <for— statement> 1”

=> PSEC 1 DOE (PSEG ii POE stmt)  P .

DDE increment—part—of— for (stmt)

“ (st mt #13 <for—statement > )“

:> PSEG I DOE (PSEG ic ~OF stmt) P.

DDE is— quoted— string (d)

“C d DIS <datum> )“

:> DTRUF PIPE d DIS ICASE 1 DOE (datum> il.

DDE is—numeric—variable(v)

“(v DIS <variable> 1”
> #TRUE PIPE v #15 #CASE 1 DOE <variable> P.

DDE le f t— hand— si de—o f (s t mt )

“(stmt DIS <numeric—let— statement> PU
<string—let—statement> )“

:) ISEG 3 DOE stmt P.

selec t— flU

L -- ~~ . .~~~~~~ ~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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DDE right— hand— side— o f (stmt )

“ (stmt 015 <num eric— let— statement> PU
(string—let— statement> } “

:> #S~ G 7 DC~ stmt P .

DD E i s— n o t — a — c o nt r o l— s t a t e m e n t (s t m t )

“ (stmt PEO current— statement)”

~> I/TRUE //lEE stmt ill S <input— statement>
PU <numeric — let— statement>
DU <strin g— let— stat emen t>
#~J <print— statement>
PU <read— statement>
PU <restore—statement>

POR (
~~s tmt~~

) i s — n o n — e x e c u t a b l e  0 .

DDE statement—p art—o f(ln)

“ (in DIS <line> } “  *

:> PSEG 1 POE (“SEC 3 I/OF in) /1.

select— i l’~
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“In order for a speci f icat ion of an implementation of
BASIC to be com p lete , The impiementor must define his
implementation dependent number representation and the
implementation dependent arithmetic operations upon
those numbers. The following definition is meant to
serv e as a guide for other implementors . This
de f i n it ion was chosen to use t he m in imal pa ra meters
specified by the BASIC standard. I n pa r t icu l a r  the
base machine is considered to use decima l floating
point numbers with six decimal digits in the
signif icand and two decimal dig its in the exrad . The
range of’ the magnitude of legal values is 1F38 down to
1E—3 8 (inclusive at both boundaries ).

It shoul d be noted that only one
implementation —precision is defined . It is assumed
that the actual Drecision of the ‘m ach ine ’ is the same
as the precision of’ the results of’ arithmetic operators
an d the result of converting a BASIC constant to an
implementation— number. ”

“Define the legal form of an implementation number.
For purposes of this sample implementation , we choose
to use the f loating point definit ions defined by the
standard representat ion and the operations defined upon
that representat ion . However , we will modify this
representation to require that the numbers have
sign ificands of no more than six digits. It is
s t rong l y re commen d ed t ha t  the  reader  be fam i l iar w i th
the operation of the standard floating point
functions. ”

DDE is—implementation —number (n)

:> ITRUE DIVE (~~nUis— canontcal— flo at &#LENGTH(#ABS(significand—part (n) )) <:
implementation—precision -c P~IOT (.~standard—abs(n )$)i s—an—over f l ow  & I’NOT ( t s t a nd a r d — a b s ( n) U
is— an—u nder f low *7 .

“For many parts of the basic specification , it is important
to know if’ an Implementation number represents an integer.
Because an implementation number is a canonical number , it
canno t have any trailin g zeros in its significanrt .

impl — 11 6
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The re fo re , it can only be an integer if its exrad is greater
than or equal to zero.”

DDE is—i mp lem entation — inte ger (n)

“C (Sn$)is— implementati on—nu rnber I”

~> #TRUF /JIC’~
’ ex rad— nart (n~ > — ‘) 4

“Certain auxiliary DEs must be defined to operate on a
superset o ” the imp lernentati ori—numhers. In particular ,
those Dr’s which do range checking and limiting of
precision. ”

“Define a function to test for an implementation number
greater than plus infini t y or less than minus
infinity. ”

DDE is—an—overf].ow (n)

“(($n$) is— standard— float )”

~ > D TR I J E 41FF (~~impl em entatior.— inf ini tv
standard— abs(n )~~) is— standard—less — than /~ .

“Define an underfiow test. ”

t / DE is— an— under flow(n)

“{($nU is— standard — float )”

:> I/TRU E 41FF P~JOT (~~nflis— stand ard— zer o &(~~standard—a hs (n) , impleme ntatio n— in finitesim a1~~)
is— standard — less—t han ~.

“Define a function to truncate the si~ nifi can~ of
a number to the implementat ion—precision , with p r o m e r

exponent adjustment. ”

DDE limit ed— to— imp leme nt ation—p recisi on (n )

im pl —11 7 
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“((~~n~~) is— standard— float)”

=> n DIV #LENGTH(PARS (significand—part(n))) <=
implementation—precision;

:> construct— float( sign— string(significand —part(n))
#CW (PLEFT implementation —precision #CHARACT ERS—OF
#ABS(s igriificand—part (n)) ) , exra d—part(n ) + DLE~/GTH( DABS (s i g n if i c a n d— p a r t( n) ) )  —
implementat ion—precision ) POTHERWISE 1 / .

“Define whether the implementatio n detects underfiow for the
purpose of reporting a non— fatal error. ”

DD E under flow—is—a—detected —non— fatal— error

:> #TRUE 0.

“Each implementation arithmetic operator requires a
group of related implementation functions to test for
o v e r f l o w , u n d e rf l o w , etc , and one to perform the
operation .”

DDE results— in—negate—overflow (a )

“C ($at)is—implementation—number 1”

:> #VALSE *7 .

DDE non— fatal—ne gate—overflow—error—report 4

=> non— fatal—error (’ne gat e o v e r f l o w ’) #.

DDE negate— overflow—result— sign (a )

“C ($a$) is— implem entation —number & #NOT
irnplementation—equa ls—test(a ,im plementation—ze ro ) ‘I”

:> ‘— ‘ D I E
implerientation—greater—than—test(a ,tmplementation—zero );

imp l— 1 18
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> ‘+ ‘ // IF
im p le me n t a t i o n — le s s— t h a n — t e s t (a ,im ple menta t ion—zero)
11.

PDF results—i n—n e gate—underflow (a)

“C ($a~~)is— imp
1 ’?mentation—number ) “

:> #FALSE ft .

DDE non— fatal— ne gate—uriderflow—error—report

> non— fatal—error (’negate underf’low ’) 0.

DDE iniplem entation—negate (a )

“(  (.~a$)is— implementation—numb er } “

:> ($standard—ne ~ ate (a )~~)
limited— to— im plementation—precision P.

“The techniques used in implementation of addition and
especially in underf iow and overflow detection are
quite general but are no t strictly similar to the way
in which a real machine m ight do things. In
p a r t i c u l a r , s i n c e  l ar ~~e precision operations are
available , the easiest way to test for overflow is to
perform the ex 3-~t ad dition and test the result for out
of r a n ~~e.”

(/DE results—i n— a dcl— overflow (a ,h)

“C ($a~~)is— imp lem entation—n u mber &
($h$)is—i rnp lem entatio n—numher ~~

“

~> (‘TRUE MI FF (
~ stan dard—add (a ,h) t)is— an— over flow ‘l •

~C)E non— fatal— add—o verflow— error— report

:> non—f ata l—e rror( ’ ad d ov~’rflow ’) 4.

PDE add— over flow— r esu lt— sii~n (a ,b )

im p l— 1 1 () 
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“ C  ($afl is— implementation —number & #MOT
implementation—equals—test(a ,implementatjon—zero) &
(*b fl is—i mplementation— number & P~ OT
implementation—equals—test (b,implementation— zero) 1”

> ‘+ ‘ DIE
im plementation—greater—than—test ( a, implementation—zero);

=> ‘— ‘ DIE
implement ation—less—than—test(a ,iin plementation— zero)
P.

DDE results— in—add—underflow(a ,b)

“C (~ a~ )is— implementation—number &
($b$)is— implevnentation—number } “

:> DIRIJE DIVE ($ standard—add (a ,b) ~)is—an—underflow *7.

DDE non— fatal—add—underflow—error—report

:> non— fatal—error(’ add underfiow ’)  *7 .

DDE implementation—add (a ,b )

“( (~~a~~)is— implementation—number &
($b$ )is—implementation—number } “

:> ($standard—add(a ,b ) $ )
limited— to—implementation —precision P.

DDE results—in—subtract—overflow (a ,b)

“ C  ($a$ )is— imolem entation—number &
($b~~)is—implernentation—number } “

=> #TRUE PIE!
($standard— suhtract (a , “— “b )$)is—an—overflow “.

DDE non— fa ta l —su bt rac t —o ve r f l ow —e r ro r —re po r t

:> n o n —f a t a l— e r r o r ( ’ s uht rac t— ov eru low ’) P .

irnpl— 12()
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(IDE subtract—o verf low— result— sign(a ,b)

“C ($at) is— implementation — number & /~‘JO T
implementation— e quals—test(a , implementa tion— zero) &
(~~b$) is— implementation—number & NOT
irnplementation—eq uals—te st(h , im olem entation~~zero ) 1”

=> ‘+ ‘ /~IE
implementatjon—greater—than—t est(a , imml ementation— zero~

~> ‘— ‘ I/ I F
implementa tion— less— th~~n— test (a ,implementation— zero)
0.

DP~
. results—i n— subtract— under flow(a ,h)

“1 (~ a~ )is— imp lem entation— number &
($b~ ) is— implementation — number }“

:> f/TRUE I/TEE
(~~standar d— subtract( a ,”— ”b~~ )is— an— under flow 1.

DDE non— fatal— subtract — under f1o~ — err or— rep ort

:> non— fatal_ error(’ subtract unrierflow ’) P .

ODE implem entation— suhtract (a ,b )

“1 ($a-~)is—i mp lem enta tion— nu rnb er ‘~
($hflis—im~ lem entation—numbe r 1”

> ($standard— subtract( a ,b)~t )
limited — to— imolementation—precis ion ‘ .

1/DE resu lts—i n—m u lt lp ly— overf low (a , b~

“ C (~~a t ) is— im n leme ntati on— n j”’~’er ‘-~
($b~,)is_ imp lem ent ation_ numb er 1”

~> (‘TRUE PT~~F (~~stan da r d— mul tipl v (~~,5) ‘is— an— overflow
4.

im n l — 1 ’ l

_____________
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*DE non— fatal—mult iply—overflow—error—report

:> non— fatal—error(’ multip l y overf low ’) P.

DDE mult iply—overflow—result— sign (a ,b)

“( ($a*) is—implementation—number & ONOT
implernentation—equals—test (a ,im plementation— zero) &
(~ b$) is—implementation —number & #!*IOTimplementation—equals—test (h ,jm plementatjon— zero) }“

:> ‘+ ‘ DIE
implementation—greater—than—test( a , implemen tation— zero)
DI FE
im plementation—greater- .than—test(b ,im plementation— zero);

:> ‘— ‘ DIE -

tm plementation—less—than—test(a ,im plementation— zero)
PIPE
implementation—greater—than—test (b ,implementat ion—zero)
P.

DDE results— in— rnultiply—underf low(a ,b)

“ - C ($a t) is—i mpleme ntat lon— number &
($b$ )is—implementation—number } “

:> #TRUE #IFF (~~standard—rnultiply(a ,b)$)
is—an—underfiow *7 .

DDE non— fa tal—multip lv—under flow— error— report

~> non— fatal—error(’multip ly underfiow ’) P.

DDE implernentation—multiply (a ,b)

“C ($a$)is—impleme ntation—number &
(~ b$ )is— implementation—number 1”

:) ($standard—mu ltiply (a ,h)~~)
limited—to— implementation —preci sion P .

imp l— 122
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‘IDE non— fatal— divide — by—z ero— error—report

~> non— fatal— error(’djvjs ion by zero ’) 4.

DDE c~ivide—b y—zero—result— sign(numerato r )

“ C ($numerator ~~) is—im plementation — number } “

> ‘+ ‘ I/IF
implementatio n— greater— than— te st (num erator ,impl ementation— zero );

~ > ‘+ ‘ I / I F
implem entat ion— equal s—test (num erator ,irnple’nentation— zero );

:> ‘ — ‘ ~IF
implem entation— less— than— test(nurnerator , impleme ntation — zero )
4 .

DDE re su lts—i n— divide— overflow(a ,b)

“C ($a~ )is— implem entat ion—numb er &
($b flis— imolem entatio n—number 1”

:> (‘TRUE (/IFE (~~stand ard— divid e (a ,b ,“to ”
implementation— precis ion)~~) is— an— overflow ‘ .

DDE non— fatal— divide — overflow — error— report

~> non— fatal— err or(’divide over flow ’) ~I•

#T~~ divide— overf low— resu lt— sign (a ,h)

f l(  (~t 3~~ ) is— i- ”ol e nt ation— numh er & ff’~OT
imrl eme nt ation— equ 31s— te st (a , imn lement ation— zøro ) ‘~
(~~~~ t) is— implementation — number & 4~!OTim ole rnen tation— enhjals_ test (h , imp lementation — zero ) }“

~~~~~~ fl1’ I: ’

i lem~ ct at ion— gr~’ater_ th~ n_test (a ,imn1eme nt ation— zero)

imp le” ’entatio n— gre ater— th an— tes t (h ,imolemen ta ’ ion— zero );

~> ~~ / I E
i mp l~ rne nt at ior— les s— th an— te~ t (a,i rr ’oleme nt-1ti on— 7ero)

= imp l— 12 ~ = = = =



~~~~~~~~~~ - - - - — 
~~~~~~~~~~~

01/28/77
Spec i f icat ion of BASI C SEM A NOL Pro ject
Semant ic Def init ions A rithmetic

PIFF
irnplementation—not—less—test(b , implementation— zero)
0.

IDE results—in—divide—underflow(a ,b)

“C ($a*)is—implementation—number &
($b$)is—implevnentation—number 1”

:> ITRU! 01FF ($standard—divide(a ,b ,“to”
im plementation—precision )~~) is—an—underflow P.

DDE non— fatal— divide—underflow—error—report

> non—f’atal—error (’divide underflow ’) P.

DDE implernentation—divide(a ,b)

“C (~ a$)is—implementation—number &
($b~ )is—iniplementatiori—number 1”

:> standard—divide(a ,b ,“to” implementation—precision )
0.

“The definition of involution is very difficult. In
order to handle the function , an ex ternal funct ion is
postulate d wh ich , for suitably restricted arguments ,
can return a result of more precision than
im plementation—orecision. The external function will
never return zero.

For the pur poses of th is exam p le imp lementation ,
the domain of the involution function is split into
several parts. This allows at least some test cases to
involve the involution operator without involving the
ex ternal function. ‘4ith that in mind , 0~ x for an y x is
defined as 1. x *0 for any x ia also 1. Eurther , x~ y
for 0<y< :integer— exponentiation— limit and v an integer
is performed using multiplication. ”

DDE special—involute(a ,b)

“ C ($a$ )is— implementation—number &
(~ bflis— implementation —number 1”

impl~~12tI ::::: :: ::: ::: :~~~~~~~~~~:::

L.
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=> implementation — one (‘IF standard— sign (a ) 0 1108
standard— sign(b) 0;

=> standard— rnultip ly (a , special— involute (a ,
standard—subtract (b , imolementation—one ))) DIE (~~h~!)
is—implementation—inte ger &
($b$)is— in— integer— exponentiation— l imit;

~> (.~//EXTER NAL— CALL —0F ‘involute ’ /P~IT H_ 4 ROU M F~!T
(\(.~a~~) in—external—format , (~~h~~)in— external—for rnat\ )t)
converted—from—external—format DOTHERwISE 4 •

//O F is— in— inte ger— expo nenti atjon— lirnit (n )

“ C  (~ n~ )is— implementat ion—number )”

:> I/TRUE ‘lIFE / /N OT (sn , int eger— exp onentiat ion— limi t~~)is— standard — greater— than //.

DDE integer — exponentiation — limit

:> ‘5E 0 ’ P .

DDE non—fatal — zero— involuted — to— negat ive—er ror— report

:> non— fatal— error(’ zerc, invo luted to ne~’ative ’) P .

DDE results— in— involute— over flow (a , h)

“C ($a$ )is— implementation—number &
(Sbflis—implem entation—nu mber 1”

~> (ITRUE I/lEE ($spe cial— Invo1ute (a ,h)~~) is— an— overflowa .

DDE non— fatal— involute — overflow — error — report

=> non— fatal— error (’invo lute over flow ’) “ .

//OF lnvo lute— ove r flow— re sult—s ic~n(a ,h )

impl — 1~~5
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“-C (sat) is— implementation—number & ~M0Timplementatio n—equals—test (a,implernentation—zero) &
($b$) is— implementation —number &
implementation—equals—test (h ,implementa tion— zero) )“

:> ‘+ ‘ DIE
ivn plementation—greater—than—test (a ,tm plementat ion—zero)
DOR ($b$) is—even— integer ;

=> ‘— ‘ PIP
implementation—less—than—test (a ,implementatjon— zero)
& ($bt ) is— odd— integer 0.

DDE is—even— integer (n )

“C ($n$) is—implementation—number )“

:> residue( (tnt) converted—to— semanol—integer
,“modulo ” 2) 0 I/IF (tn$) is—implementation— integer

~> OFALSE DOTHERWISE 4.

DDE is—o dd—integer(n )

“ C (tnt) is—implementation—number !“

:> #NOT (tnt) is—even— integer P.

#DE resul ts— ln— involute—underf low (a ,b)

“C ($a$)is—implementation—number &
(Sb$)is—implementation—number 1”

s) OTRUE # 1F (tspecial—involute(a ,b)t) ts— an—underf low
P.

ODE non— fatal— invol ute—underfiow— error— report

:> non— fatal.—er ror(’involute underfiow ’) P.

DDE im plementation —involute (a,b)

impl— 126
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“ C  (~~at )is—tmolementatjon—numher &(tb ~~)is— imp lementati on— num her 1”

=> ($specia l— lnvolute (a ,b).t)
limited— to— implementation —precision P.

“In general , the numeric—s u pplied functions will not be
defined in the body of’ this ~E’-~ANO L program. Instead ,
they utilize externally defined functions to calculate
the results. The external funct ions ex~~ect their
arguments in some particular form and return a result
in some particular form . Conversion to and from this
external form is accomplished by the functions
in—external—f ormat and converted— from—e xternal — for mat. ”

I/OF iTnplementat ion_ arctangent~ function(n)

“(($n~~) is—imp lementation —number )”

~> (~~4EXT ERNA L— CA LL— OF ‘ATN ’ “W tTH—A R~~Y~
.’E’1T (\ (~~n-~)

in—e xternal — format \)~~)converted— from— extprnal— fc,rmat . ~~.

‘/OF implementation— cosine— functic ,n (n)

“U~~nt ) is— implement ation — num b er 3 ”

=> (~~#F.XTER~!A L—CAL L— flE ‘C~~~’ ~~~~~~~~~~~~~~~~~~~~~~ (\ (~~n~~)
in— external — form at \)~ i )
converted — from— external — format 11~

/~~F results — in— exponenti al— functio n— over flow(n )

“t (-tn~~) is— imolementatjon—numbe r 1”

:> I/TRUE (F lEE
(~~imp lem ent ation— expo nen tia l— funct jon (ri~ .~)
is—an— overflow ? .

arE ron— fatal— exoo n ent jal— funct jcn— ov er flow— error— rero rt

Inn — i ~7

_ _ _
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:> non— fatal— error (’!XP overflow ’) P.

DDE ex ponentia l— f’inction—result— sign(n)

“((tnt) is—implementation —number)”

~> 
‘+ ‘ I.

#DF results— in—exponentia l— function—underf low(n)

“((tnt) is— ivnp lementat lon—number l”

=> #TRUE DIE!
($implementation—exponential— function(n)$)
is— an—underfiow P.

DDE non— fat al—e xponential — function—under flow—error—report

:) non—t ’ a ta l—e r ro r ( ’ EX P underfiow ’) 0.

DDE implementation—exponential— function(n )

“((tn$) is— implementation—number )”

~> ($#EXTERNAL—CALL—OF ‘EXP’ #WTTH—ARGUM !NT (\ (tnt)
in— extern al— format \)$)
conver ted— from—external— format P.

DDE implementation— integer— function(n )

“( (tnt) is— implementation —number )”

:> (SOEXTERNAL—CALL—OF ‘INT’ #W ITH_ARGUMF~IT (\ (~~n$)
in—ex ternal— format \)$)
conver ted— from— external—format 4 .

DDE implementation—logarithm— function (n)

“((tnt) is— implementation —number )”

:> (tSExTFRNAL—C ~ LL—oF ‘LOG’ $WITH_ARr,UMENT (\ (tnt)
in—external— format \)$)

impl—128
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converted — from— external — format ~~.

I/OF imp lenentation — random— fun ction(r )

“Cr I/IS (FROO LEAN) ”

=> I/EXTER NA L— CALL— OF ‘°ND’ -4WTTH—AR ( UME P4T ( \ ‘ T P ~~’’ \)
(‘IF r DEO I/TRUE ;

=> I/EXTERNAL — CALL— CF ‘R’W ’ I/9ITH_A RC1 JME~!T (\‘~~ALSE’\)I /OTHERWISE // .

(/ DE irnp lementation — sine— functio n (n)

“ ((tnt) is— implementation — number )”

~> (t’/EX TERNA L— CALL— OF ‘ST” !’ DWITU _A Pr UMF’flT (\ (t?~t)
in—external — format \)t)
converted — from— external — format ‘/ .

~PF impleme ntation~ sq jare~ root~ function (n )

“ ((tnt) is— imn len ’ent ation— number )”

:> (tMFYTE2 ~~~L—C~ LL-CF ‘~~fl~~’ fl~.iTTU _ A p ~~lM~ MT (\ (tn t)
in— extern al— Porma t \)~~)converted — from— external — form at /fl~

I/OF res ul t s— in— tan c~ent— fiiiction— overflow (n)

“{($n$) is— imnl eme nt atjon— nunb er }”

:) //TRUE ‘/IFE (timol em entati on— tan ~ ent— fuiction (n )~ ~)

is— an— overflow ‘/ .

4DE ion—f atal— tangent — function — over flow— error— renort

~> non— fata l— error (’TA’~ over flow ’) ‘~ .

(IDE tang ent— fun cti on— resu lt— sign (i)

~((t n t) is— jmp lemen tatjoi— numher~ ”

j~np l_ 12~) 
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:> ‘— ‘ PIE (timplementation— tangent— function(n)t )
is— standard—negative;

~> ‘+ ‘ I/OTHERWISE P .
I

PD! implementat ion—tangent—funct ion (n)

“ ((tnt) is—implementation —number )”

= ($DEXTERNAL—CA LL—OE ‘FYP’ DW ITH_ARPUMCNT (\ (tnt)
in— external — format \)$)
con verted— from—external— format ~~.

j

imp l— 130 
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“4 set of im~~1em ~ ntation --‘ en~ n--~ent relat ions is defined by
BASIC. The i~~ple7entation in-1en~ nr1ent portion of the ASIC
specification assumes th at the implementation denendent
rela tions will return a value in [I/TRU~

’,DFA L SE J .
The RA ~~IC stan dard is silent on the nature of the

relations. In particular , It is assumed that no error
condition s can occur in relational testing. If the testin~
is done using subtraction , this may not be the case since an
overflow or under flow could occur. We choose to assume that
this form of comparison is not legal and that no errors can
occur. ”

I/OF impleme ntation — equal s—t est (a ,b )

“C  (tat) is_ imol e .~ent~~t ion~~number &
(.tbt ) is—implemen tat ion— number 1”

:) ($a ,bt )are— stan~ ard—equal /)~

I/OF implem entati on— not— equals— test (a ,b)

‘q (t at) is— imn1 e ’~’entati on—numbe r ‘.(tbt )is—imp lem entatio n—numh er }“

> I/NOT (ta ,b~~)are— staridard— equa l “.

lInE imp lem entation — les s— than— t~ st(a ,h )

“C (tat) is— implem entation — number &
(Sbt )is— imp lementation—numb er )“

/

:. (~~a ,bt )Is— stan dard— les s— than P .

DPF imp leme nt atlon— greater—th an— te st (a ,h)

“ C (ta$)is — im ole rne ntation— number c
(tb$ )is— imp lementati on— numher )“

=> (~~a ,ht )is— stan da rd— c~reat er— than lF~~

‘~OF innler ’ientation—not—less— te st (a ,h)

Im nl— 1 31 
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“C (tat )is— implementation—number &
(tb$)is—implernentation—number }“

> 1flJOT (ta ,b~ )is—standard—1ess—than II.

(/DE implementation—not—greater—test (a ,b)

“ C (t a t ) i s—i m ple men ta t ion—n um ber  &
(tb*)is— implernentation— numher 1”

:) //NOT (ta ,b3 ) i s— s t a nd a r d— g r e a t e r — t h a n  P.

irnpl— 132



—
~

--
~ 

- -  - 
_______ __ ____ _ 1

__ _ _ __ _ 
- - -

5peeificatiori of BASIC 5E~ A N OL ~ro~ ectSemantic Definitions Tr’~plernentation •~orversio ns

“The im plem entor must define a function to convert fro~”a ~~~~~ cons tant into an irn r,lprnentation representation
of that consta n t up to some precision , which in our
case is the implementation — Dreci sion . A function ~‘ii5t
ex is t  to conver t  fro m ~n implementation— representation
to a RAS Tr constant. ”

“The numeric conversion routine has m uch in common with
the arith metic operators. Tt rn’:st have functions to
check for conversion underfiow and overflow. The
method use d in this imnlementation will only worl<
correctly if roundin g is performed before un der~’low or
ove r f l ow  t e s t s . ”

//OF re sults— in— numeric — conversion — overflow(n )

“E n (‘IS I/STR .IN’~ ‘~ n ~!S <num~ ric— con stant> }”

> I/TRUE I/I~~F ( conver sion— rounded ((t n e)
in— canon ical— form )t ) is—an—o ve r flow ‘I.

/IPF result s—i n— nu ’~er ic— convers ic,n—und~~r flow (n )

“In lI~~~~5 I/~~~~~~~T ’ I (  
~ n ‘~IS <numeric — constant> )”

=> ~~~~~ “I~~F (~~conversion— rot jnded ( ( t ~~~~ )

in— can onic al— form )~~ is— an— un de rf iow ‘~ .

‘/!~F im olem ent ation— nu ’~er ic—rep resentation (n)

“In I/IS <numeric — constant>
& 1/NOT (tn~~) resu 1t s— in— nu~ner ic— conversjon-overf low ‘~

f/NOT (tnt) re sult s—in—n um eric— conv er sion—un ~~erflow )”

~> ($conv ~ rsion— roun ded ((~ nfl in— can on j~ al— form )~~
)

l imited—to—i mple m ent ation— precision P .

IDE convers ion— rounde-1 (n )

“ C  (~~n~~) is— canonical — float } “

~> n ~Ir /
~LF~J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ <~

~
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implementation —precision;

:> ($n ,“and—p— of” implementation—prec isiont )
rounded— to—p— digits I/OTHERWISE P .

“Define the error report for numeric constant conversions
and the function to determine the result sign in a numeric
constant conversion overflow. ”

DDE non—f’atal—numer ic— constant— overflow— error— report

=> non— fatal—error(’ numerjc constant conversion
over f low ’) P.

//DE non—fat al—numeric— constant— under flow— error—report

~> no n — f a t a l— e r r o r ( ’ nume rj c— constant  conversion
underfiow ’) P.

DDE numer ic—constant — overflow— result— sign (s)

“Es I/IS <numeric— constant> 1”

:> ‘— ‘ I/IF s ig n —s t r i n R( s )  PEO’d ‘— ‘ ;

=> ‘+ ‘ DOTHERWISE P .

“Rounding , as defined in the glossary of the BASIC
standard , applies to mach ines of any radix. For the
purposes of this implementation we will perform decimal
roundin g by adding 0.~ and truncatine the result. ”

I/OF rounded— to— an— integer(r)

“l (trt ) is— implementation — number )”

~> ( t s t a n d a r d— a d d ( r , imp le mentat ion —o ne—hal f ’ )~~)
truncated — to— an— integer P.

imp l— 13’l 
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//OF implementation — one— half

:> ‘5F— 1’ I/.

“Truncation to an integer has three cases. The first
case is that the numher ,n , is already an integer. The
second case is that n has a ma gnitu de less than one.
The th ird case is a number with at least one fractional

H d igit and at least one integer digit. ”

I/DF truncat ed— to— an— integer (r)
I

“{(trt) is— implementatio n— number )”

:> r //IF (t rt) is— im plementation — integer;

:> implementation —z ero I/IF
//LEMGTH (/IAP S (siønificand—par t(r ))) <~ #9E’~e x r a d — p a r t ( r ) ;

:> (tconstruct— float (I/L~~~LE~IGT H(s i~~nific an d_part (r )) — (~ ‘Er ~ exra d— p art(r l )
//CHARACTERS — OF sicni fican d—na rt (r) ,“w i t h  i nt e~ er
exrad ” O)t) in_ canonical _ form ‘ T!-!ER’JTSE I/ .

“The imole’rentor is required to define a conv~~rsion function
from implementation numbers into standard form numbers (I. e .

~ASIC numeric— constants ). This conversi on must be exaet ,
which means that the following exr,ressjon must he true f o r
all x in the set of implementation number s .

I/O F’ conve r sjon—to— standar d— float— js— ’~x~ ct (x )
‘‘t(txt ) is_ irnp iem ent ati on_ nu rr~~ r)’’

:> imolementation — eauals— test (
implerren tation — nume ric— ren re s .~ntation (
(t xt ) converte d—t o— sta n dard— gloa t ”
,‘‘is— equ al— to ’ ’  x~ f~ .

Since this exa mple imp lementation al r ’~a d v u s e s  th~
standard form for its representation , t~~~ conv ersion to t~~c
standar d form is the trivi a l one. ”

/ I~~F co nvert ed— to— rtandar- ~— f1oat (y~

~~~~~~~~~ 
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“ ((tx$) is_implementation —number )”

:> X P .

i

im p l— 136
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(/DE max— numb er— of— unreturned — gosub s

> 10 //.

(/DE max— num ber— of— for—blocks

~
> 10 ft .

PD! implem entation—margin

~> 65 P.

PD! implementa tion—print —zo ne—width

:> 15 1 / .

ODE max— assignable — string— length

~> 18 ‘fi.

I/OF implementation —s ignificance —width

~
) 3 ~~

I/PROC— OF fatal— error(ms g)

“{msg “IS PSTR INr) ”

I/BEG IN

//CPMPUTE ! I /O~1 T P ’ ” ( m 5 c ~ / / C W  end— o 1’— n r j n t— li ne— ch ar)

I/COMPUTE ! ~O r T ~~~T ( ‘exec u tion — term In ated’ ~“4
en d— of— print — line — ch a r)

//COYD !JTF ! 4~~~”~~
)

/~E’I D ~~

imnl — 1 37

- -
-

~
—-

~~ 
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110! non— fatal—error (msq)

“fmsg #18 PSTRINGJ”

=> #OUTPUT(msg #CW end— of—print— line— char) ft.

PD! implementation—string—output—representation (str—rep)

“(($str—rep$) is— implementation— stringP’

:> str— rep P.

“Define various number representation parameters and
func tions. ”

DDE implementation—precision

:> 3 11.

DDE im plementation—zero

:> ‘OEO ’ P.

PD! implementation— one

:> ‘lEO’ 1~.

DDE im plementation —negative—one

:> ‘— lEO’ P.

#DF implementation — infinity

:> ‘1E14 ’ P .

“Note that the standard seems to require that the
magnitudes of positive and negative infinity he the
same.”

DDE implementation — negative — infinity

im p l— 138 
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~) ‘— 1E 4’ 11.

“Similarly define the infin itesimals. ”

DDE implementation—i nfinitesim al

:> ‘1E—4’ P.

PD! implementation — negative — infinitesimal

:> ‘— 1E—~~’ P.

jmn1 — 1~~1

_ ~~~~~~~~~~~~- - - -—~~- - ~~~~~~~~~~~
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PD! root—node(n)

“C n I/IS #NODE )“

> basic—program ft.

PD! parent~-node(n)

“{  n u S  DPIODE 1”

:> #FIRST x //IN (PSEQUENCE—OF—NODES—IN basic—program)
#SUCH—THAT ( I/THERE—EXISTS i:1<~ i<=DS!G—COIJ1/T(x)
#SUCH—THAT ( I/SEC I POE x I/EQ n)) P.

PD! sequence—of—ancestors—of (n)

“C n I/IS I/NODE }“

=> (/NILSF.O I/IF n I/F’) basic—program

=) #SURSEQUENCF—OF—ELE~ ENTS x D IN
(I/SEQUENCE—OF—NODES— IN basic—program ) flStJ C~ — TH AT (  n
DIS— IN DSEQUE~ICE—OF~ NO [)ES—IN x ) #OTMERWI5~ P.

PD! first—character—in(s )

“C s ‘~IS I/STRING } “

:> PLEFT 1 I/CHARACTERS—OF s P.

PD! last—character—in (s)

“C s I/IS I/STRING I”

:) I/RIGHT 1 #CHARACTER S—OF s II.

PD! reverse—sequence(seq)

“C seq I/IS PSEC UENCE )“

:> seq I/IF’ ~LENGTH (seq ) <: 1

: :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~: uti l— lI4O
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=> I/LAST—ELEMENT—IN seq I/CS reverse—sequence (
#TERMINAL—SUBSEO— OE—LEPIGTH I/LENGTH(seq) — 1 I/OF’ seq)
#OTHERWISE P.

ut il— 1 Ui
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ahs— function— valu e(n) eval— 7~
activate— for— block (stmt ) control—3 6
active— control—variable (strnt) control—3~
add— overf low— res ult— sign (a ,b) imol — l 1 9
adjusted— for—tahhing (n) control— 5~all— hut— first— character — in(s ) float— °6
all—but— first— elemerit — jn(ljst ) control — 63
al l— hut— last— elem ent— in (list ) cs—23
al l—d ata— is— in— ran ge(” wrt” stmt ) control~ tlU
all— for s— have— natching — ruext s— in (prog ) cs—25
all— function .references— agree—with (stmt ) cs—3 2
all— fun ctions— are— defined — in (orog ) cs—3 0
all— line— nrs— are— non— zero— in (prog) cs— 23
all— line— number s— exi st— in (prog ) cs—214
all— next s— have—ma tchin c~— fors— in (prog ) cs—2 6
already — in— last— p rint — zone control— 53
altered— if— too—lon g (str) control— 53
ampersand synt ax— i8
apostrophe synt ax— lB
append — and—o utput (str) ~ontrol~ t19
append — to— current — print — line (str) contro l— UQ
apply— numeric — relation — test (opd l , relop, opd 2) eval— °5
apply — string — relation—test (oDdi , relo p , opd2) eval— 21

~are— staidard— equa l (a ,h) f1oat— lO~argument synt ax— 13
argument—expressi on— of (ref) select— 107
argument —l ist syntax — 13
argume nt—value— of(ref) eval—7 7
array— declaration synt ax— lU
array—declaratjon— for(aname ) sname— f~6
array s— are— defin ed— first— in (p ro~ ) cs— ?7
arr ays— are— uni que ly— dim en sion ed— in(p ro~~) cs— ~ 7
as— a—para m eter(d ef— st , “has ” name) sname— ~ 7assign_ input_values (stm t ) control— ~4i
assign— next— datum( ”to ” v) control— ~~
assign— str lng— va lue—o r— error (”to ” v) control— ~~
asterisk syn tax — i8
atn— fun ction— value (n) eval—7 8
hlanks (n) coritrol—5 2
hounds synt a x— i fl
b ound s— part — o (node) select—ill
canon ical— ahs (r) float—9 q
can on i cal— add( rx ,ry ) ~loat— 9°canon ical— aljgn (r ,“to ” e) float— li’)
canon ic a l— di vide (rdivid en d ,rd iv l sor ,precis ion ) Plo at— 1fl 2
canon ica l— riilt inl y(rx ,rv ) rlo at— 101
ca non jcal— .’umber — output— ren re sentation Cm ) conv— ~~can on i cal _ si rt n (r ) f1oat— ~~

in-i°x— l
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circumflex syntax— 19
class—b—significand (s,e) conv— 89
class—d— exrad (e ,“with—respect—to ” s) conv—9 1
class—d—significand (s) conv— 9i
close syn tax— 18
colon syn tax— 19
columnar— position control—5 1
comma syntax— iS
consistent—number—of—arguments—in(prog) cs—31
consistent—number—of— suhscripts—inCprog ) cs—28
constant syntax— 13
construct—float (m ,e) float—97
control—varia ble syntax— B
control—varia ble—in (stmt ) select—i 13
control—varia ble— is—active (x ,“in ” stmt) control—38
conversion—roun ded(n) imp l— 133
convert— and—print (x) control—SO
convert— canonical— float—to— semanol— integer (n) conv—R’~converted—t o— canonical— float Cr ) conv—86
converte d—t o—semanol—integer (r) conv—R6
converte d—to— standard— float (x) imol— 1 35
cos— function—value (n) eval—7/3
data—li st syntax— 9
data—statement syntax— 9
datum syntax—9
deactivate—for—block (stmt) control— 61
def—statement syntax— lO
def—statement—expression—of (def) select—107
def—statement—name—of (def) select—109
def— statement—parameter— ofCdef ) select— iOn
def—staternent—with—name (dname) eval—77
destination — line—number— list— in (st’nt) control—6()
destination—line—number—o f (stmt) select—l 13
difference syntax— 12
digit syntax— iS
dimension—statement syntax— lO
divide—hy— zero—result— sign (numerator) Impl— 123
divide—overflow—result— sign (a ,h) impl— 123
divisor—length(r) float—102
dollar syntax— l7
effect—of(stmt) control—3 5
end— line syntax— S
end—o f— input— reply syntax—2O
end— of— input— reply— char control— ’Il
end—o f— line syntax—S
end— of—print— line syntax—9
end— of—print— line— char coritrol—U9
end—statement syntax_ s

index— 2
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ends— in— separator (stmt) contro l— ’t9
equality — relation svn ta x— ~equals syntax— l~exactly_ eno ur~h_ d ata(” wrt” st~ t) contr ol_ ti~
exclamation — point synt ax— i 7
exp— functio n— value( n) eval—79
expon enti al— function — overf low— eff ’ect(n) eval— ~’iexnonentiai — function — result -sign (n ) inol — 1 PB
exp onenti al— functio i— underflow— effect(n~ eva1— ~ 2expression syntax — i l
exrad synta x— i )4
exrad— output— sign(e ) conv— °l
exrad—p art (r) float—9 7
factor syntax — 12
false— due_ to_ error(msz ) cs—22
fatal— error (nsc ’) imp l— 137
fatal— syntactic— err or(msn ) cs—22
first— character—i n(s) u t il— l fl O
first— di rr ensi on—h ound— of (b) selec t— ill
first—dimension — of (s) select — ill
first— dim en sion—u pper —b ound— va lue— for (arr aye l) sname— 55
first—dirnension—value(sub) sname— 65
first— executable — statement — starting —with (strnt) control— SB
first—part — of (list ,”up to for— ~’1ock— list— elem ent” x) control—p
for—bloc k— list— elemen t(stm t ) contr ol— 39
for— statem ent syntax— B
for—s tatement—e ffect(strnt ) contr ol— ~ 6for— state”ent— successor— of(st rnt ) contro 1— ~ 0fors~ an -i— ne xts ~ are~ proper1y— rratched~ in (prog )
fraction syntax — i ~l
fun cti on s— are— de fin ed--~ irst— in (nrog~ c s — f l
fun ctio n s— a re— un i qu elv— d efine d— in (mr o~ ) cs—~ fl

‘osub—s tate’rent syntax — ”
~osub— statement— effect(stmt ) cont rol— 3q
goto— statement synt ax— 6
c~oto— statement— succe ssor— of (stmt) control— 5~
c’reater— than syn t ax— iC
has— a— zero— upp er— bound ( h) cs_2D
h~ s— an— ar~ ument (ref) select— 107
has— one— dimens ion(~~) select — ill
ha s— tw o— djmen sion s (h ) select — ill
i f— th en— statement svnt ax— 5
if—t hen— stateme nt— suc cesso r— o f (strrt) con t rol— SB
imrle’nen tat jon— adi (a , b ) im nl— 120
i”ip leme nt ation — ar ctan -~ent— funct ion(n ) imr, l— 127
jmp 1empntat j~ n~ cosine— fun ctjon (n ) imp i— l ’7
imp lem p ita tion _ ’ii v i u e (a ,h) im p l— l 2 ’~
imp lement at ion— ~ cijals— tes t (a ,h~ im p i— ifi

- i n dex — ~ =
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implem entation— exponent ial— function (n ) impl— 12P
implementation — greater—than— test (a ,b) im pl — 13 1
implementation— infinitesimal impl— 139
implementat ion— infinity imp l— 138
implementation—integer— function (rt ) impl— 128
ivnplementatio n—involute(a ,b) impl— 126
implementation—le ss—than—test (a ,b) impl— l 31
implementation— logarith rn— functiori(n) impl— 128
implementation —margin impl— 137
implementation—rnultiply(a ,b) impl— 1 22
im plementation— negate(a) imp l— 11 9
implementation—ne gative— infinitesimal impl— l 3 ,
implementation—ne gative— infinity imp l— 13~implementat ion—ne gat ive—one impl— 1 38
im plementation—not—equals—test (a ,b) imp l— 13 1
implem entation—not—greater—t est(a ,b) impl— 132
imolementation—not—less—test(a ,b) imp l— 1 31
i’nplementation—numeric— representation (n) imo l— 133
implementation—one impl— l38
im plementation—one —half impl— 135
im plementation—precision imp l— 138
implementation—print— zone—width jmpl—137
imple mentat ion—random—f unct ion( r)  j mp l— 12 9
implementation— significance—width imo l— 1 37
implementation—sine— function(n ) impl— 120
implementation— square— root— function(n ) imp l— 120
implementation—strin g— output—representatio n (str—rep) impl — 13~implementation—subtract(a ,b) ivnp l— 121
implementat io n—tange nt—fu nct ion ( n)  imol — 130
im plementation—zero imol — 138
in—canonical— form (r) float—95
in—output— class—a— format(n) conv— 88
in—output— class—b— format(n ) conv— 89
in— output— c lass—c—format(n) conv—9 0
in—output— class— d— form at(n) conv—9 1
increment syntax— B
incrernent— control—variable(stmt ) control—U7
increment—of—matching—for (stmt ) control— ’47
increment—part—of— for (stmt) se1ect— 1l~4
index—expression—of (stmt) select— 1l3
index— of— first—non— zero— in (n) control— 59
index—of— last—nort— zero— in (n) f’loat—07
initial—value syntax— B
jn itial—value— in— for(stmt ) control—3 7
initial—value—part—of— for (stvnt ) select— flU
initiali-ze— glohals control—3 5
input—dat a— list— in (ln ) contro1— ’t~
in put—data—types— match( ” wrt” stmt) control — ft H

index~ Ll
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T~rojectInd ex of Definitions

input — new— data— for (str~t) control — US
input— prompt sy n tax _ li
input— prompt — character control — U2
input — reply syntax—2 0
input— reply — tree (i— f— t) control — U- ’)
input—statement syntax— 9
input~ statemen~ _effect (strnt ) control — HO
jnt— function— va lue(n ) eval— 7~
integer syntax — lU
integer — exponen t iation — lirn it im~ 1— l25
inte ger— valu e (mx) contr o1— ~~1
inv a lid— input — rep ly(m sc~) control— ’43
invo lut e— ov erf low— resuil t— sign (a ,b) imn l— 12 5
involution synt ax— 12
is— ab s— function— ref (sref ) select— lOB
is— an— overfl ow (n) imn i— il ?
is— an— underf low (n) iri p l— li 7
is— atn— functi on— ref(sref) ~~~~~~~~~~
is— canonica l— float ( r) float— 9U
is— cano n ical— int eRer (n) float—97
is— context— f’ree— syrutacti cally— v alid (prog ) cs—22
is— contextu al1y— syntacti ~ al1 y— va lid( nr og~ cs—22
is— cos— funct ion— ref(sref) select— lO ’)
is— def—s tatem ent— carameter (’~a-r’e) sname— 6~
is— def— state m ent— w ith— La rv’~eter (def)
is— even— intec~er(n) i—m l— l ? ’
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ass— c (n ) conv— q~
is— executa ~- ‘— s ’ ate-”~-t (st-r t~ ~~~~~~~~~~
is—exp— funct ~ on— ref (sref ) select — l2i
is— explicit ly— d ’~clare d— arra v (ana—e ) snam e— ~ 6is— im p 1e ’nentati on— in tec ~er (n~ im r,l~~l 17
is— im p l em ~ ntat ion— iumber(n ) im~ I— l l~
is— in— inte ~ er— expo nen ti at ion— Iim it( n ) im pl— 125
is— in— output — c lass— a (n) conv— ~ 8
is— in— output — class— h (n ) conv— ~ -)
i s— in— output — class — c (n ) cony_ cO 4

is— int— function — ref(s ref ) sel~ ct— iO 9
is—i nv al id— input — re nl v( stm t ) contro l— U~
is— ~ og— function— ref( sref ) select — lU ’)
is— nest ed(stm t2 , “in ” stmtl ) cs—27
is— no n— executa hle( stm t ) sel ect— li~is_not_ a_ contr c,l_ staternent(stm t) select— ii8
is— no t—i n— r anc ~e (d, “wrt ” v ’~ contro l— L1 LI
is— n ot— stop— or— end (stmt) contro 1— ~ 5is— numer ic— da tum(d ) control~ U1I
is— nume rjc— cie fjn ed— func ti on— re f (rp f ) se lect _ 1r~i s_ n u r~eri c_ exp res sion (exp) select— i ’)~S
is— n um e ri~~— re la t iona l— exr re ssion (r’~’— exn ) se ’’~ct— 1 ‘2

in 1ex— ~
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is—numeric—variable(v) select— 11U
is—odd—integer(n) impl— 126
is—parenthetical (exp) select—106
is—print— separator (nx) control-M B
is—quoted— string (d) select— 11U
is—rnd—function—ref (sref) select—109
is—sgn—function—ref(sref) select—109
is—simple—control—statement(stmt) select— 113
is—sin—functjon—ref(sref) select—109
iz—sqr—function—ref(sref) select—i 10
is—standard— float (n) float—9U
is— standard—greater—than(a ,“>“ b) f loa t — lO U
is— standard—less—than (a ,“(“  h) f loa t—lO U
is— standard—negative (n) float— i03

4 is— standard—positive (n-) float—103
is—standard— zero (n) float—10 3
is—strin g—constant(exp ) select—106
is—string—expression (exo) select—lOS
is— string—relational—expression (rel—exp) select—i 12
is— strin~ —variable(exp) select— 105
is—tan—function—ref (sref) select—i 10
keyword syntax— 17
last—character—in (s) util— 1UO
last—seg—of (nx) select— 113
left—hand—side—of(stmt ) select— 11U
less—than syntax— 19
letter syntax— 15
limit syntax—B
limit—part—of— for (stmt ) select— 1l14
limlted—to— irnplementation—precision (n ) irnol— 117
line syntax— S
line— containing (node) oontrol— 60
line—i d syntax—S
line—nr—next— following(line—nr) cs—23
line—num ber syntax— 6
line—number—part— of (ln ) select— 112
line—number—value—of (n) control—59
line—of—s paces control—52
lines— are—in— ascend ing— line—nr— order— in (prog ) cs—23
lines—are—un iquely—numbered— in (prog) cs~ 2l4
]ist—element (number ,”in ” list) control—U2
list—of—var iables—to—be— input— in (stmt) control—U2
list—of— zone—tab—positions control_ 5?
log— function—value (n) eval—79
magnitude (n ) control—59
marg in—checked (str) control—53
match (for—stmt , “an d” next— stmt) cs—25
ma tches—act ive—for (stmt) control—U7

in dex— f 



-
~

Specificati on o~ ~~~~~~
‘ 

~~~ ‘~ A~ ’0!. ~ro~ ectIn d ex o~ ~‘efin~~ti~~ns

match~~n~~— n ex t (~~~~~) ~~ntr ol_ A l
m ax— ass jgn abl~~— s t ’ - i r —I e c -~t~
m ax— n um ber — o f— ~~ - r— h1 oc ks
max — n u mber — o r— u ~etur ned— ’o~ u~~ i”~n 1 — 1 ~~
minus s y n t a x — 1

~m odified ~~si~~n~~of (inc ) cort~-o )— fl
mult ip ly—o verf lcw— re su lt— si ”i(a ,b) inpl— 122
na m eahl e— n art—o ” (n~~’~e) select — h O
ne~~ate—overflo w— re su )t— si~~n(a~ imp l~~i lP
negation s y n t a x— h
new—a ctivp— fo r— hl ock— list (st”~t) con~~ro~

_
~~

nex t— exec u ta~~le_ -~tatern~ nt_ 4’ollo wi n r~ (stmt) contro l— 5~
.1 “ext —i nput —li ne contr ol— 14 ’~

next_ s tatem ent syntax~~
a

n~~xt~~state m ent_ err ect ( stmt ) nontr ol— ’~~
next— state ’rent_ su ccessor_ of (”tm t ) control— ~~2
n~’xt— zone—t a5—p os itjon contr ol— ~~2
n i nes (n ) ~~~~~~~~~
n o— dtme n sion—o n ti on— con fii ct (pro~’,~ cs— 2’)
no— m a t c h i n~~— a c t i v e — ~~or cci n~~r o l — H 7
no— recursive — ~unct  io n s— i n ( p ro ~~

) c s — ’O
non— fatal— a dd— overr low— error — rep o rt i rrp l_ li 9
no n— f a t a l—a d  d—u n- d e r  f’1 o w — e r r o r — r e p o r t  j ’ rmi — i  ~fl
no n _ f a t a l _ d j v j d c ~_ b v — z e r o - ~e r ro r — r e ’ ~or t  j ’v’ o l_ 12 3
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j mn l— l~~1
n~~n — f a t a l — d  iv i d e— u n d e r  ~~o w — e r r o r — r e p c r t  i m p l— 1 2 U
n j n — f a t - a l — e r r c r ( r n~~” )  i m n l — 1  ~~— f a t a l — e x n o n e n t i a l — f ~ nc t~~o n — o v e r ~~
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not—less syntax— ?
nr— zones— in—m argin control—53
num her—of—hounds— jn(node ) cs—28
nu’nber—of—dimension s— in (node) cs—28
num ber—of— subscripts— in (node) cs—28
num ber— sign syntax— 17
numer ic— array— element syntax— 15
numeric—arra y—name syntax—i S
numeric—array—name—of(node ) select—h O
numeric— constant syntax — lU
numer ic—constant—overflow—error—effect(s) eval— 83
numer ic—cons tan t—over f low — resu l t—s i gn( s )  im p l— 1 3U
numeric—cons tant—underflow—effect eval— 83
numer ic— constant—value(n) eval— 82
numeric—defined— function syntax— lO
numer ic—defined— function—name—of(dref ) select— 107
numeric— defined— function— ref syntax— l3
numer ic—defined— functior i—ref—of (ref) select—107
numeric— defined— function—value(dref) eval—77
numeric—expression syntax— i 1
numeric—ex pression—of (exp) select—iOS
numeric— function—ref syntax— 12
numeric— function—value(ref) eval—7 6
numeric— let— statement syntax— 6
numeric—let— statement—effect (strnt ) control—US
numeric— ou tput—representatiori (n) conv—87
nu meric— relation—value (rel—exo ) eval— 85
numeric— re p syntax— lU
numeri c— re presentation—or— zero(str) control_ ~43
numer ic— supplied— function— ref syntax— 13
numeric— supplied— function— ref— of(ref) select— iO7
nunieric— supplied— function—value(sref) eval— 77
numer ic—value (exp) eval— ~ 8numer ic— val ue— is— not— in— range(d) control—US
numer ic—variable syntax— iS
on—goto— statement syntax— 7
on— goto—statement—successor—of (stmt) control— 60
one— dimension — array—element—name— of sn ame~ 6L$
open syntax— 18
operand— l— of(x ) select— lOs
operand— 2—of (x ) select— 106
o p t i o n— b a s e — f o r (a r r a y e l )  sn a me — 66
option—base— of (opt ) select— 112
option—statement syntax — lU
option— statement— is— first— in (~ rog) cs—20
output— class— a—maxi mum conv—9 2-4 output— class—b—maximum conv— 97
ou tput— class—b—minimu m conv—9 2

Index — B
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output— class— c—maximum conv—9 2
output— current—print— line control—SO
output— sign— string(n) cony— SB
overflow—error—effect(op i ,op,op2) eval— 71
overflow—resul t— sign (opl ,op,op2) eval—7 2
parameter syntax — il
parameter—list syntax— il
parent—node(n ) uti l— lUO
percent syntax— 17
perform (opl ,op,op2) eval—70
period syntax— iR
plain— string—character syntax— i 6
plus syntax— iS
position— of— control—variable (x ) control—3 P
positive—expression syntax — il
precision—limited (m ,e ,“limited to” precis ion) float— 102
primary syntax— 12
print (str) control—U9
print— comma cc.ntrol_5~
print— item syntax— 9
print— list syntax— S
pr int—list— sequence—of (stnit) control—HR
print— separator syntax—9
print—statement syntax—B
print—statement—effect (st’nt) control— ’-17
print— tab (n) control—S i
print—the— item (str) control— 5’~
product syntax— 12
program syntax—5
question—mark syntax— i9
quote syntax— i ?
quoted— string syntax— 16
quoted— string— character syntax— i 6
quotient syntax— 12
ran domi ze— occurs— in—progr am eval— ~ 0
ran domize— statement syntax — li
read— input— file contro l—Ui
read— statement syntax— i 0
read—statempnt—effect(stmt ) control_5 !4
references—have—no—arguments(stmt ) cs— 32
references—have— one~ argument (stmt) cs—~ 2
rela tion syntax— 7
relation—of (rel— exn ) select— 112
re lation—value (rel— exp ) eval— °3
relational — ex pression syntax— 6
relational— expression— of (stmt) select— 112
remark— s tatement syntax — hi
remar k— string syntax — h 6

index—9
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remove—quotes— from (s) eval— ~~reau i res— s pec ia l—d iv ide— ef f ec t (op l ,op2) eva l—7 P
requires— special—effect (opl ,op,op2) eval—7U
requires— special— involute—ef fect (opl ,op2) eval—75
reset— first—time—throu gh control—36
residue (n ,”mo dulo ” ni) control—Si
restore—statement syntax— lU
restore—statement—effect con trol— 56
results— in—add—over flow(a ,b) in’,pl—i 19
resul ts— in— add— under tlow (a ,h) irnpl— 1 20

• results— in—divide— overflow (a ,b) imp l— i23
result s— in— divide—underflow (a ,b) impl— 124
result s— in— ex ponential— function— overflow(n ) impl— i27
results—in— exponentia l— function—underflow(n ) imDl— 128
results— in— jnvolute—overflou (a , b) impl— 1 25
results— in— involute—underflow (a ,h) iipl— 126
results— in—mu ltiply— overflow (a ,b) In~p l— l 21
results— in—multip ly—underflow (a ,b) ir’ipl—l22
results— in—negate—overflow (a) irnpl— i 19
results— in—negate—underflow (a) im p l—i 19
resul ts— in—num eric— conversion—over ulow (n) imp l— 133
results— in—numeric— conversion—underf low (n) impl — 133
resul ts— in—overflow (op i ,oo ,op2) eval—7 0
resul ts— in— string— overflow (s) eval— 69
resul ts— in— subtract— over f low (a  , b) imnl— 120
results— in— subtract—underflow (a ,h) i’rpl— l2l
resul ts— in— tangent— function— overfl ow (n ) imp l— 12P
resul ts— in—under flow (op T ,oo ,oo2) eval—71
retrieve— latest— return—point control— 6?
return—s tatement syntax— ’T
return— statement—successor control—~ 2reverse—sequence (seg ) uti l— iHU
right—hand— side— of(strnt) select—u S
m d—funct ion —value e v a l— 7 Q
root—node (n) util — iHO
rounded— for— significance —width— output( n ) conv—~°ro unded—t o— a n— i n teg er ( r )  im pl— 1 3H
rounded—t o— p— d ig i t s ( n ,p) f lo a t— 0 °
roun ding— factor— for (n ,p) float— 99
s—o wn— line—num ber (stet) control—59
sattsf ies— for—expression (st’nt ) contr ol— 6l
second—dim ension—hound— of (h ) select — i ll
second—dimension—o f (s) select — ill
second— dir ’ienslo n—upper— houn ’l—value— for (array el ) sname— 66
secc ,nd— di mens ion—v a lue(su b)  sn am e—65
s e c o n d — p a r t — o f ( l l s t ,” af te r  fo r—b loc k—l i s t—e lemen t ”  x )  c o n t r o l— l ’~sem icolon syntax — i ~
seauence—of—ancest ors—of (ri ) util~~iUO

ln -le x— l 2 :—_ = :=~~::~~ :=~~ ::= = =~~ =
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se q uence~of~ array_declarations_and_references_jn(prog) cs—33
sequence—of—array—declarat jons—jn(prog ) cs— 33
sequence—of—array—references—in (prog) cs—33
sequence—of—def— staternents—in (prog) cs—3U
sequence—of—defined— function—references—in (prc ,g ) cs—3U
sequence—of—executable— statements—in (px) control—57
sequence—of— for— staternents—in (prog) cs—33
sequence—of—for— statements_preceding (stmt ) coritrol— 62
sequence—o f—integers—of—length (1 ,“starting— at” i control—52
sequence— of— line— ids—in (prog) cs—32
sequence—of—lines—in (prog) cs—32
sequence—of—next— statements— following(stmt ) control— 62
sequence—of—next— statements— in (prog) cs— 33
seauence—of—o ption— staternents—in (prog ) cs—33
sequence—of—statements—in (px) control—57
set—latest—return—point—to (st’nt ) control—39
sgn— funct ion—value(n) eval— BO
shor t—string—let—statenient—effect( stmt) control—U6
sign syntax— l11
sign— string (r) float— 1O3
significand syntax— lU
significand—part(r) float— 97
sim ple—numeric—var iable syntax— hS
simple—perform (opl ,op , op2 ) eval—73
simple—statement— successor—of (stmt) control—5 6
sin— funct ion—value(n) eval— 80
slant syntax— 19
space syntax— i ?
spaces (n) control—5 1
special—divjde—effect(oph ) eval— 7ft
special—effect (opi ,op,op2) eval—7U
specjal—involute(a ,h) imp l— h2 U
special—involute—effect (oph ,op2) eval—7 5
specia l— logarithm— function—effect(r i ) eval— ~ i
spec ial— square—root— function—result(n) eval— ~ i
sqr— function—value(n) eval— 80
standar d—abs(r) float—99
standard— add (rx ,ry) float—9 9
standard—array— element—name—of (name) sname— 6Q
standard—divide(rdivid en 1 ,rd iv isor ,pre cision ) float— i02
standard—multip ly(rx ,ry) float— hO 1
standard—nanie—of (name) sri arne~~6L4
standard—negate (rx) float— iUO
standard —parameter — nam e— derived — ~‘roni (def) sname— ~ 7ztandard— sign(r ) float— gB
standar d— subtract (rx ,“— “ ry)  f loa t— i(f l
statement syn tax—S
statement— containing (nx) sname— 67

In dex — hi 
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statement—part—of(ln ) select—i 15
statement—selected—by (ix ,“r rom ” m u s t )  control— 60
statement—successor—of ( stmt) control -56

j statem ent—whose— line—number— is— ecuivalent— to (sr) control—S°
stop— statement syntax— a
strinc~—character syntax — iS
string—constant syntax— lU
string— constant—of (exp) select—l06
string—equals—test (opdl ,opd2) eval— BU
string—expression syntax— i 3
string— expression—of (exD) select— lOS
strin g—let— statement syntax— 6
string—let— statement—effeot(stn’t) control—U6
string—not—equals—test (opdi , oprl2) eval— SU
str ing— relation—value (rel—exp) eval— SU
string—value(exp) eval— 65
string—value— is—not— in— range(d) control— US
string—variable syntax— iS
string—variable— of(exp) select—lOS
subscript syntax— 15 

-

subscript—part—of(node) select—lW
subtract—overflow—result— sign(a ,b) imp l— 12 1
sum syntax— 12
tab—call syntax—9
tab—value (tc) control—50
tab—value—less—than—one control—S i
tan— function—value (n) eval—SO
tan gent— function—over flow—cf fect(n) eval— 82
tan gent— function—result— sign(n) impl— i29
term syntax— 12
totality—of—data— in (prog) control—56
truncated—a fter—the—p— th—digit(n ,o) float— 99
truncated—to— an— integer (r) imol— h35
two— dimension— array— element—name— of sname— 65
underflow—effect(op) eval—72
un derflow— is—a—detected —non— fatal—error irnp l— i 15
underline syntax— 19
unquoted—string syntax— 17
unquoted— string—character syntax— l6
val idate— input—data— for (stmt ) control — Ui
value—o f— datum (d , “wrt” var ) control—U2
value—of— jncrement— in—for(stnit) contro]—37
value—c,f—limit— in— for(stmt) control—3 7
varia ble syntax— lU
var iable— list syntax—9
with—decjmal—point—removed (m ,e) float—9 6
wtth— exrad— a ppended(r ) float— 95
with— l eading—plus— signs— revnoved (m ,e) float—Q5

index— 12
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with—leading—zeroes— suppresse l (n) control—59
with—tmailing— zeros—removed (rn ,e) float—96
wi thout—trailing— zeros (n) float— 96
zeros(n) float—iOO

I

in d ex— l 3
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METRIC SYSTEM
BASE UNITS:

QUant~ y Unit SI Symbol Fonnt4. - 
-

,

length metre m
mass kilogram k g
time second a
electric current ampere A
thenn odynamic temper ature kelvin K
amount of substance mole mol
luminous inten sity candela cd

SUPPLEMENTARY UNITS:
plane ang le radian rad
solid angle steradian sr

DERIVE) UNITS:
Acceleration metre per second squared -- - rn/s
activity (of a radioact ive source) disintegr ation per second - (dis int egrationys
angular acceleration radian per second squared - - - rid/s
angular velocity radian per second - - - red/s
area square metre - - - m
density kilogram per cubic metre - - kg/rn
electric capacitance farad F A-a/V
electrical conductance siemens S AN
electric field strength volt per metre - - Vim
electric inductance henry ii V-s/A
electric potential difference volt V WIA
electric resist ance ohm VIA
elec tromotive force volt V WIA
energy jou le I N.m
entropy jou le per kelvin ..- JIK
force newton N kg.m/s
frequency hertz Hz (cyc le)!s
illuminance lux 1* lmlm
luminance candela per square metre - - - cd/tn
luminous flux lumen Im cd-sr• magnetic field strength ampere per metre A/rn
magnetic flux weber Wb V-s
magnetic flux density teals T Whim
magnetomotive force ampere A
power watt W Jis
pressure pasca l Pa Nim
quantity of electricity coulomb C A-s
quantity of heat joule J N-rn
radiant intensity watt per steradian .. W/ar
specific heat joule per kilogram-kelvin - J Ikg4(
stress pasca l Pa NIm
therma l condu ctivity watt p.~r metre- kelvin - WIm-K
ve loc ity metre per second - rn/s
vis cosity, dynamic pascal-second - -  Pa-s
viscosity, kinematic square metre per seci nd - - m/s
vo ltage volt V WIA
vo lume cubic m et re - m
wavenum ber rec iproca l metre (wave )Im
wor k joule I N-rn

SI PREF~~ES:

Mult ip lnat io n Factors l’ refi s SI Sym bol

1 000 0(N, 000 000 10’’ t,,ru 1’
1 000 000 000 = 1(J gig.

1 000 000 = 1o~ mega M
1 000~~ 10’ k Ilo k

100 k 10’ hecto It
10 = 10’ dnka da

0 I 10 ‘ drcl  d
001 1 0 ’  ,:nflh I

000 1 10- ’  mdli m
0 000 00t - l0~~ mic ro

0 000 000 001 • 1 0 ’  nano n
0.000 000 000 001 10-”  pl.:n p

(P 000 000 000 (tOO (101 1 0 ”  fnmto

L 

0 11(1(1(100000 (1(1(1000 001 -, 10 “ alto C

• Ti. hi- avo ided whe re pos. ible
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MISSION
qi

Rome Air Development Center

RADC plans and conducts research, exploratory and advanced
development programs in command , control, and communications
(C3) activities, and in the C3 areas of inf ormatio ’z sciences
and intelligence. The principal technica l mission areas
are communications , electromagnetic guidance and control ,
surveillance of groun d and aerospace obj ects, inte1ligence
data collection and handling, information system technology ,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainabilit’~ and
compatibility.
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